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PREFACE 


J"  TO  THE  SIXTH  EDITION. 

I 

The  small  volume  on  "  The  Oonstbuotion  of  Roads 
AND  Streets/^  for  which  the  late  Messrs.  Henry  Law 
and  D.  K.  Clark  were  responsible^established  for  itself 
a  weU-deserved  reputation  as  a  thoroughly  practical 
and  trustworthy  guide. 

The  subject  of  the  work  (which  is  now  receiving 
attention  and  consideration  in  so  many  quarters)  being 
a  progressive  one^  and  the  original  Authors  being  both 
deceased,  it  became  necessary  to  entrust  to  another  hand 
the  duty  of  bringing  it  up  to  date  for  a  new  edition ; 
and  for  that  duty  the  Publishers  have  been  fortunate 
in  securing  the  services  of  Mr.  A.  J.  Wallis-Tayler. 

The  earlier  portion  of  the  work  is  mainly  historical, 
or  else  concerned  only  with  principles  of  road  con- 
structioni  and  has  therefore  not  required  revision  except 
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on  one  or  two  minor  points ;  but  Part  II.,  which  deals 
with  later  practice,  has  been  subjected  by  Mr.  Wallis- 
Tayler  to  careful  revision  throughout.  He  has  re- 
written (wholly  or  in  part)  those  of  the  original  chapters 
which  needed  such  treatment,  and  has  added  several  new 
chapters  dealing  with  the  latest  developments  of  the 
subject  He  has  also  added  some  illustrative  diagrams, 
and  has  supplied  a  new  and  fuller  Index. 

He  has  preserved  (in  the  Appendices)  the  useful 
material  given  in  former  editions on«Rolling  New-made 
Roads,*'  by  Sir  John  Burgoyne ;  on  the  "  Economy  of 
Road  Maintenance  and  Horse-Draft  through  Steam 
Road-Rolling,"  by  Mr.  F.  A.  Paget  (to  which  he  has 
added  a  brief  Supplementary  Sketch) ;  and  on  the 
"  Condition  of  Wood  and  Asphalte  Pavements  in  the 
City  of  London,"  by  Colonel  Haywood.  He  has 
also  given  the  By-laws  now  in  force  regarding  the 
Construction  of  New  Streets  in  the  Metropolis. 

In  the  result,  the  work  has  been  enlarged  by  about 
120  pages,  and  cannot  fail,  as  thus  revised  and  ex- 
tended, to  prove  of  augmented  usefulness  and  value. 

London, 
Julyf  1901. 
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ROADS  AND   STREETS. 


HISTOEICAL   SKETCH. 

BY  D.  K.  CLAEK,  aB. 

In  tte  middle  of  the  eighteentli  century,  communication 
between  towns  was  difficult.  The  roads  were  originally 
mere  footpaths,  or  horse-tracks,  across  the  country,  and  the 
J  few  wheeled  carriages  in  use  were  of  a  rude  and  inefficient 
description,  for  which  the  roads  were  wholly  unadapted. 
The  roads  were  necessarily  tortuous,  every  obstacle  which 
the  ground  presented  being  sufficient  to  turn  the  traveller 
out  of  his  natural  direction.  Many  of  these  roads  were 
carried  over  hiUs  to  avoid  marshes,  which  were  subse- 
quently drained  off  or  dried  up ;  others  deviated  from 
their  direct  course  in  order  to  communicate  with  the  fords 
of  rivers  now  passable  by  bridges.  The  inland  commerce 
of  the  country  was  chiefly  carried  on  by  transport  on  the 
backs  of  pack-horses,  and  the  old-fashioned  term  loadj 
commonly  in  use  as  a  measure  of  weight,  is  a  remnant  of 
that  custom — ^meaning  a  horse-load.  Gradually,  the  roads 
became  practicable  for  the  rude  carriages  of  the  times, 
and  they  were  maintained,  though  in  a  very  defective 
condition,  by  local  taxes  on  the  counties  or  parishes  in 
which  they  were  situated.  So  they  remained  imtil  turn- 
pike-trusts were  established  hy  law,  for  levying  tolls  from 
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poTSons  traveUing  upon  the  roads.  Several  of  these  trusts 
were  established  previous  to  1765,  and  they  subsequently 
became  general,  when  the  attention  of  all  classes  of  the 
community  was  directed  to  the  state  of  the  highways. 
Bills  for  making  tumpike-roads  were  passed,  every  year,  to 
an  extent  which  seems  almost  incredible ;  and,  in  addition, 
every  parish  was  compelled  by  the  force  of  public  opinion, 
supplemented  by  indictments  and  fines  recoverable  at 
common  law  against  the  trustees,  when  the  roads  were 
not  maintained  in  proper  repair.  But  the  turnpikes  formed 
a  cumbrous  system :  they  were  trusts  in  short  lengths — 
about  fifteen  or  eighteen  miles — and  the  surveyors  em- 
ployed appear  to  have  been  ill-educated,  and  were 
appointed  by  favour  of  the  trustees  rather  than  for  any 
professional  knowledge. 

A  long  period  elapsed  before  any  good  system  of  road- 
making  was  established.  The  old  crooked  horse-tracks  were 
generally  followed,  with  a  few  deviations  to  render  them 
easy ;  the  deep  ruts  were  fiUed  with  stones  or  gravel  of 
large  and  unequal  sizes,  or  with  any  other  materials 
which  could  be  obtained  nearest  at  hand.  The  materials 
were  thrown  upon  the  roads  in  irregular  masses,  and 
roughly  spread  to  make  them  passable.  The  best  of  those 
roads  would,  in  our  time,  be  declared  intolerable.  Eoad- 
making,  as  a  profession,  was  unknown,  and  scarcely 
dreamt  of;  for  the  people  employed  to  make  the  roads  and 
keep  them  in  repair,  were  ignorant  and  incompetent  for 
their  duties.  Travelling  was  imcommon,  and  funds  were 
scanty,  and  higher  talent  could  not  be  commanded.  Engi- 
neers, except  in  cases  of  special  difficulty,  such  as  the  con- 
struction of  a  bridge  over  a  deep  and  rapid  river,  cutting 
through  a  hiU,  or  embanking  across  a  valley,  probably 
Uiought  that  road-making  was  beneath  their  considera- 
tion, and  it  was  thought  singular  that  Smeaton  should 
have  condescended  to  make  a  road  across  the  valley  of 
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the  Ti'ent,  between  Markham  and  Newark,  in  1768.  At  the 
same  time,  civil  engineers,  according  to  Sir  Henry  Pamell, 
"  had  been  too  commonly  deemed  by  turnpike-trustees  as 
something  rather  to  be  avoided,  than  as  useful  and  neces- 
sary to  be  called  to  their  assistance."  By-and-bye,  as 
people  became  sensible  of  the  value  of  time,  easier  and 
more  rapid  means  of  communication  than  the  old  roads 
were  required :  improved  bridges  were  built  with  easier 
ascents ;  and,  in  some  cases,  cuts  were  made  to  shorten  the 
distances,  though  the  general  lines  of  the  old  roads  were 
preserved.  The  roads,  no  doubt,  were  somewhat  im- 
proved in  this  way,  but  there  was  no  general  system  or 
concert  between  the  district  trustees. 

Mr.  Arthur  Young,  in  his  *'  Six  Months'  Tour,"  pub- 
lished in  1770,  writes  of  some  of  the  roads  in  the  north  of 
England ; — "  To  Wtgan,  Turnpike. — ^I  know  not,  in  the 
whole  range  of  language,  terms  sufficiently  expressive  to 
describe  this  infernal  road.  Let  me  most  seriously  caution 
all  travellers  who  may  accidentally  propose  to  travel  this 
terrible  country,  to  avoid  it  as  they  would  the  devil,  for  a 
thousand  to  one  they  break  their  necks  or  their  limbs  by 
overthrows  or  breakings  down.  They  will  here  meet  with 
ruts,  which  I  actually  measured  four  feet  deep,  and  float- 
ing with  mud  only  from  a  wet  sunmier ;  what  therefore 
must  it  be  after  a  winter  ?  The  only  mending  it  receives 
is  timibling  some  loose  stones,  which  serve  no  other  pur- 
pose than  jolting  a  carriage  in  the  most  intolerable 
manner.  These  are  not  merely  opinions,  but  facts  ;  for  I 
actually  passed  three  c€U*ts,  broken  down,  in  those  eighteen 
miles  of  execrable  memory."  **  To  Newcastle,  Turnpike. 
— ^A  more  dreadful  road  cannot  be  imagined.  I  was 
obliged  to  hire  two  men  at  one  place  to  support  my  chaise 
from  overturning.  Let  me  persuade  all  travellers  to  avoid 
this  terrible  country,  which  must  either  dislocate  their 
bones  with  broken  pavements,  or  bury  them  in  muddy 
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sand."  Even  so  mucli  later  as  the  year  1809,  the  roads 
answered  to  the  description  of  Mr.  Young.  Mr.  C.  W. 
Ward,  writing  in  that  year,*  states  that  the  convex  sec- 
tion,  as  shown  in  Pig.  1,  was  the  most  prevalent  in  the 


Fig.  l.—Common  Conyex  Kood,  in  180O. 

country.  Under  the  impression  that  the  higher  the  arch 
was  made,  the  more  easily  the  road  would  be  drained, 
the  materials  were  heaped  up  about  the  centre  till  the 
sides  became  dangerous,  by  their  slope,  for  the  passage  of 
carriages.  The  carriages,  therefore,  ran  entirely  upon  the 
middle  till  it  was  crushed  and  worn  down,  and  then  a  fresh 
supply  of  materials  was  laid  on,  and  the  road  was  again 
restored  to  its  dangerous  shape.  The  sides  of  the  road 
were  but  little  used,  except  in  summer,  or  until  the  heavy 
waggons  had  crushed  the  middle  into  a  surface  apparently 
compact  and  smooth.  In  some  places,  the  rough  materials 
were  laid  in  a  narrow  line,  not  exceeding  seven  or  eight 
feet  in  breadth,  along  the  middle  of  the  road,  and  the 
sludge  collected  from  the  scrapings  of  the  roads  or 
ditches  was  placed  on  each  side,  like  banks,  to  prevent  the 
stones  from  being  scattered  by  the  wheels.  The  high  con- 
vex form  was  so  exceedingly  defective  as  to  defeat  the 
object  for  wliich  it  was  constructed.  Carriages  were  forced, 
for  safety  or  for  convenience,  to  keep  to  the  middle,  and 
it  was  speedily  ploughed  into  deep  ruts,  which  held  the 
rain-water,  even  when  the  convexity  approached  to  the 
form  of  a  semicircle.  The  central  elevation,  therefore, 
was  not  kept  dry ;  and  the  central  pressure  of  the  traffic 
forced  the  material  upon  the  sides,  where  they  lay  loose 

*  Third  Report  from  Parliamentary  Committee  on  Turnpikes  an4 
Highways,  1809. 
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and  unconnected,  and  obstructed  the  course  of  water  from 
the  middle.  The  condition  of  such  a  road,  ploughed  and 
disintegrated,  is  illustrated  in  section  by  Fig.  2,  when  it 


Fig.  2.— An  Indicted  Boad.'-lts  first  gtate.    Year  1809. 

was,  probably,  indicted.  It  was  common  for  the  parish- 
surveyor  after  harvest  to  make  a  contract  with  a  stout 
labourer,  who  took  job-work,  for  the  reparation  of  the 
road,  with  %  special  injunction  '*to  be  sure  that  he  threw 
up  the  road  high  enough,  and  made  the  stones  of  the 
old  causeway,  or  foot  pavement,  go  as  far  as  they  could." 
The  diligent  operator  fell  to  work ;  nor  was  he  stopped  by 
the  equinoctial  rains  in  September,  for  the  work  must  be 
done,  as  contracted  for,  before  the  Michaelmas  sessions. 
He  accordingly  produced  something,  Fig.  3.     The  clods 


Yig.  3.— The  Indicted  Eoad  thrown  up,  to  take  olf  the  Indictmenti 
under  the  direction  of  a  Pariah  Surve;  jr.    Its  second  state. 

and  rushes  were  thrown  into  the  bottom,  and  the  soft  soil 
which  nourished  the  vegetation,  and  all  other  materials, 
hard  or  soft,  were  laid  down,  forming  a  convexity  of  con- 
siderable elevation,  according  to  order: — ^barrelling  the 
road,  as  it  was  called.  The  whole  was  duly  surmounted  with 
the  stones  from  the  old  broken  footpath,  with  a  little  gravel 
raked  over  them,  just  to  keep  them  together.    Finished 
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thus,  say  by  Saturday  niglity  then  on  the  following  Monday 
it  was  submitted  for  inspection  to  two  magistrates,  on  their 
way  to  the  quarter  sessions.  How  could  they  possibly 
refuse  to  speak  the  truth  ?  they  certified  "  that  it  was  per- 
fectly smooth  when  they  saw  it,  and  that  a  rast  deal  had 
been  done  since  the  last  time  they  were  there."  But 
besides  tear  and  wear,  decomposition  immediately  took 
place  in  the  chaotic  mass,  and,  in  the  second  or  third 
year  after  the  repair,  the  road  was  reduced  1 3  the  condition 
shown  in  Fig.  4,  in  its  last  and  worst  state. 
Although  it  appears  that  the  practice  of  road-makiug, 


Fig.  4.— The  same  Boad,  in  its  tbii'd  year  afier  repair,  or  ils  last  and  vorst  state. 

even  at  the  commencement  of  the  present  century,  was 
sadly  deficient,  it  is,  neyertheless,  fair  to  add  that  persons 
of  inteUigence  were  aware  of  the  first  requisite  for  a 
good  road.  Mr.  Foster,  of  Bedfordshire,  in  1809,  saw 
that  it  was  desirable,  "  first,  to  lay  a  substantial  founda- 
tion of  the  hardest  stone  or  coarsest  gravel  that  could  be 
procured,  and  then  to  coat  it  with  a  finer  and  more  level 
surface." 

It  followed,  from  the  imperfect  condition  of  the  roads, 
that  the  wheels  of  vehicles  were  required  to  be  of  great 
width,  in  proportion  to  the  weight  carried  on  each  wheel. 
The  following  table  shows  the  proportions  and  the  distri- 
bution of  weight  on  the  wheels,  according  to  the  regula- 
tions of  the  Act  which  was  in  force  in  the  early  part  of  this 
century.  The  rolling  widths  are  the  slant  widtlis  of 
conical  wheels  i^' 


MACADAM  S   ROADS.  7 

Tablb  No.  1. — Wbioiit,  Horsb-powrr,  axd  Wiibbls  of  Ybhiclei 

ON  CoMMOK  Roads.    1809. 


Weiffht 

Breadth  of  wheel. 

OroBB 

weight. 

Number 
of  horses. 

Draiiffht  of 
each  horse. 

on  the 

road  at 

each 

wheeL 

Preesnre 
per  inch 
of  width. 

inches. 

tons. 

owt.    lb. 

cwt. 

lbs. 

16     .         .         . 

8 

10 

16       0 

40 

280 

9,  rolling  16     • 

6i 

8 

16     42 

321 

404 

9       .         .        . 

6 

8 

15      0 

30 

373 

6,  rolling  11     . 

5} 

6 

18    37 

27J 

513 

6      .         .        . 

il 

6 

16      0 

22X 

420 

3       .         .        . 

3| 

4 

17    56 

17 

653 

2,  Stage  coach . 

4 

4 

20      0 

20 

1120 

Here,  it  is  apparent  that  the  pressures  per  inch  of  widtli 
of  tyres  increased  as  the  width  diminished.  In  the  opinion 
of  the  practical  men  of  that  day — carriers  and  others — 
the  pressure  should  have  been  limited  to  about  4  cwt., 
or  448  lbs.,  per  inch  wide ;  and  it  was  maintained  that 
the  minimum  width  of  wheel  for  any  vehicle  should  be 
4^  inches. 

About  the  year  1816,  Mr.  James  L.  Macadam,  who  had 
for  many  years  previously  given  his  attention  to  the"  state 
of  the  roads,  assumed  the  direction  of  the  roads  of  Bristol, 
and  he  put  in  practice  the  leading  principle  of  his  system 
of  road-making,  namely,  "  to  put  broken  stone  upon  a 
road,  which  shall  unite  by  its  own  angles  so  as  to  form  a 
solid,  hard  surface."  "It  follows,"  he  adds,  "that  when 
that  material  is  laid  upon  the  road,  it  must  remain  in  tlio 
situation  in  which  it  is  placed  without  ever  being  moved 
again  ;  and  what  I  find  fault  with  in  putting  quantities  of 
gravel  on  the  road  is  that,  before  it  becomes  useful,  it 
must  move  its  situation,  and  be  in  constant  motion."* 
The  principle  was  to  substitute  small  angular  stones,  such 

*  **  Keport  of  the  Select  Committee  on  the  Higlnvays  of  the  King- 
dom, 1819,"  p.  22. 
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as  resulted  from  the  breakage  of  larger  stones,  for  rounded 
stones ;  so  as  to  form  a  sort  of  mosaic  or  interlocking  sys- 
tem. This  is  the  distinctive  novelty  of  the  system  of 
Macadam,  and  its  value  has  been  established  by  universal 
experience. 

Mr.  Macadam  also  maintained  that  no  greater  convexity 
should  be  given  to  the  surface  of  the  road,  in  transverse 
sections,  than  was  su£B.cient  to  cause  rain-water  to  run 
readily  into  the  side  channels.  The  surface  of  the  road 
was  kept  even  and  clean  by  the  addition  of  proper  fresh 
materials  when  necessary,  distributed  equally  in  thin 
layers  immediately  after  rain,  in  order  that  the  new  mate- 
rials might  bind  and  incorporate  properly  with  the  old. 
Macadam's  system  of  construction  consisted  in  simply 
laying  a  stratum  of  flints,  or  other  hard  materials,  10 
or  11  inches  thick,  broken  equally  into  small  pieces  about 
2  inches  in  diameter,  and  spread  equally  over  the  intended 
road-surface.  The  broken  ** metal"  became  consolidated 
by  carriages  passing  over  it.  Without  any  specialty  of 
professional  training,  except  the  faculiy  of  acute  obser- 
vation. Macadam  effected  great  improvement  of  the  sur- 
face of  the  roads  immediately  under  his  charge ;  and,  by 
his  business-like  and  extended  views  on  road -adminis- 
tration, he  established  for  himself  a  world-wide  repu- 
tation. He  professed  to  be  a  road-maker  only,  and  he 
devoted  his  whole  time  and  attention  to  the  propagation  of 
his  system.  He  found  the  roads  in  the  Bristol  district 
loaded  with  two  or  three  feet  of  materials,  of  large  and 
irregular  size,  which  had  for  years  been  accumulated 
on  the  surface.  The  heaps  were  utilised  as  quarries  of 
stones  partially  broken  on  the  spot ;  the  stones  he  excavated, 
separated  from  the  mud,  and  reduced  by  breakage  to  a  uni- 
form size,  6  ounces  in  weight.  After  having  been  so  broken, 
the  stones  were  relaid,  and  were  carefully  and  regularly 
raked  and  levelled  during  the  process  of  consolidation.  In 
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this  way,  with  the  addition  of  efPectiye  drainage  where 
necossaiy,  he  was  enabled  to  make  a  good  surface  on  roads 
which  previously  were  ahnost  impassable.  As  nearly  every 
road  had  more  metal  upon  it  than  was  necessary,  he,  and 
the  surveyors  appointed  by  him,  established  economy  in 
the  construction  and  maintenance,  as  well  as  in  the  admi- 
nistration of  the  finances,  and  his  system  became  generally 
adopted. 

AVhilst  Mr.  Macadam  deserved  well  as  the  pioneer  of 
g^od  road-construction,  it  may  be  observed  that  he  had 
been  anticipated  in  the  promulgation  of  the  system  of  a 
regularly  broken -stone  covering  by  Mr.  Edge  worth,  an 
Irish  proprietor,  whose  treatise  on  roads,  of  which  the 
second  edition  was  published  in  1817,*  contains  the  results 
of  his  experiments  on  the  construction  of  roads,  with  some 
useful  rules.  He  advocated  the  breaking  of  the  stones  to 
a  small  size,  and  their  equal  distribution  over  the  surface. 
He  also  recommended  that  the  interstices  should  be  filled 
up  with  small  gravel  or  sharp  sand — a  practice  which, 
though  it  was  condemned  by  Macadam,  is  now  adopted 
by  the  best  surveyors. 

Since  Macadam's  time,  the  practice  of  road-making  has 
been  greatly  improved  by  the  use  of  the  roller  for  com- 
pressing and  settling  new  materials,  and  of  preparing  at 
once  a  comparatively  smooth  and  hard  surface  for  traffic. 

Telford  first  directed  his  attention  in  1803-4,  to  the 
construction  of  roads.  He  was  employed  chiefly  in  the 
construction  of  new  roads — ^hundreds  of  miles  of  roads  in  ? 
the  Scottish  Highlands ;  also  the  high  road  from  London  '■ 
to  Holyhead  and  Liverpool,  and  the  great  north  roads, 
formed  in  consequence  of  the  increased  communication 
with  Lreland  after  the  Union,  and  which  were  excellent 
models  for  roads  throughout  the  kingdom.     Telford  set 

*  ^  An  Essay  on  the  Construction  of  Eoads  and  Carriages,"  2ad 
edition,  1817. 
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out  the  roads  according  to  the  wants  of  the  district  through 
which  they  were  made,  as  well  as  with  a  view  to  more 
distant  communication;  and  the  acclivities  were  so  laid 
out,  that  horses  could  work  with  the  greatest  effect  for 
drawing  carriages  at  rapid  rates.  As  a  notable  instance 
of  the  wonderful  improvements  that  were  effected  by  Tel- 
ford's engineering  skill  applied  to  the  laying  out  of  new 
roads,  an  old  road  in  Anglesea  rose  and  fell  between  its 
extremities,  24  miles  apart,  through  a  total  vertical  height 
of  3,540  ft;. ;  whilst  a  new  road,  laid  out  by  Mr.  Telford 
between  the  ssime  points,  rose  and  fell  only  2,257  ft.,  or 
1,283  ft.  less  than  the  undulations  of  the  old  road,  whilst 
the  new  road  was  more  than  2  miles  shorter. 

The  road  was  formed  by  a  substratum,  or  rough  hand- 
set pavement,  of  large  stones  as  a  foundation,  with  suffi- 
cient interstices  between  the  stones  for  drainage.  The 
materials  laid  on  this  foundation  were,  like  Macadam's 
materials,  hard  and  angular,  broken  into  small  pieces,  de- 
creasing in  size  towards  the  top,  where  they  formed  a  fine 
hard  surface,  whereon  the  carriage  wheels  could  run  with 
but  little  resistance.  Telford's  system  was  afterwards 
studied  by  his  assistant,  Mr.  (afterwards  Sir  John)  Macneil. 

The  pressure  of  public  opinion,  acting  through  more 
than  a  century,  has  resulted  in  a  network  of  fully  160,000 
miles  of  good  carriageable  roads  in  the  United  King- 
dom, according  to  the  following  data  supplied  by  Mr. 
Vignoles: — * 

Length  of  Metalled  Roads  in  1868-69. 

United  Eingdom 
France 
Prussia 
Spain 

The  rolling  of  Macadam  or  broken-stone  roads,  though 

*  Address  of  the  President  of  the  Institution  of  Civil  Engineers, 
January  lltb,  1870. 


Length  of  Road. 

Area. 

Population. 

Miles. 

Square  miles. 

Numbers. 

.     160,000 

122,619 

30,621,431 

.     100,048 

210,460 

38.192,064 

.       66,818 

139,676 

23,970,641 

.       10,886 

198,061 

15,673,481 
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ft  seems  to  have  been  first  applied  in  1B30,  appears  to 
have  been  but  imperfectly  appreciated  in  England  until 
about  tbe  year  1843,  when,  according  to  Mr.  F.  A.  Paget, 
the  first  published  recommendation  in  the  English  lan- 
guage of  horse  road-rolling,  as  a  measure  of  economy,  was 
issued  by  Sir  John  Burgoyne.*  Boad-rolling  is  now  very 
generally  practised,  by  horse-power  or  by  steam-power,  f 

The  first  Act  for  paving  and  improving  the  City  of 
London  was  passed  in  1532.  The  streets  were  described, 
in  this  simply-worded  statute,  as  "very  foul,  and  fiiU  of 
pits  and  sloughs,  so  as  to  be  mighty  perillous  and  noyous, 
as  well  for  all  the  king's  subjects  on  horseback,  as  on  foot 
with  carriages  "  (Utters). 

Previously  to  the  introduction  of  the  turnpike -road 
system,  the  streets  of  the  metropolis  and  other  large  towns 
were  paved  with  rounded  boulders,  or  large  irregular 
pebbles,  imported  from  the  sea-shore.  They  usually  stood 
from  6  to  9  inohes  in  depth  for  the  carriage-way,  and  about 
3  inches  deep  for  the  footpaths.  Such  a  road  could  not  be 
made  with  a  very  even  surface ;  the  joints  were  neces- 
sarily very  wide,  and  afforded  receptacles  for  filth.  The 
irregularity  of  the  bases  of  the  stones  caused  a  difficulty 
in  securing  a  solid  and  equal  support;  and,  imder  the 
traffic,  ruts  and  hollows  were  speedily  formed.  The  boulder 
pavement  was  succeeded  by  a  pavement  composed  of 
blocks  of  stone  which,  though  ordinarily  of  tolerably 
good  quality,  and  measuring  6  or  8  inches  across  the  sur- 
face, were  so  irregular  in  shape  that  even  their  surfaces 
did  not  fit  together.    They  formed  a  rubble  causeway, 

*  See  a  paper  by  Sir  John  Burgoyne  **0n  Kolling  new-made 
BoadB,'*  in  the  Appendix. 

t  The  history  of  Horse  Koad-Kolling  and  of  Steam  Boad-Bolling,  is 
given  by  Mr,  Frederick  A.  Paget  in  his  instructive  "Report  on  the 
Economy  of  Koad  Maintenance  and  Horse-draught  tlirough  Steam 
Boad-rolling;  with  Special  Reference  to  the  Metropolis,  1870." 
Addressed  to  the  Metropolitan  Board  of  Works. 
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in  whicli  the  stones  were  but  slightly  hammer-dressed. 
Wide  joints  were  made;  and  far  from  being  dressed 
square  down  from  the  surface,  they  most  frequently  only 
came  into  <K)ntact  near  the  upper  edges ;  and,  tapering 
downwards,  their  lower  ends  were  narrow  and  irregular, 
leaving  an  insuificient  area  of  flat  base  to  support  weight. 
With  such  irregular  forms,  considerable  spaces  were  un- 
avoidably left  between  the  stones,  which  were  filled  by 
the  paviours  with  loose  mould,  sand,  or  other  soft  material, 
of  which  the  bed  or  subsoil  was  composed.  Another  great 
deficiency  in  the  construction  of  the  pavement,  was  caused 
by  inattention  to  the  selection  and  arrangement  of  the 
stones  according  to  size — large  and  small  stones  were 
placed  alongside  of  each  other,  and,  as  they  acted  un- 
equally in  their  resistance  to  pressure,  they  created  a  con- 
tinual jolting  in  wheel-carriages,  and,  adding  percussive 
action  to  pressure,  became  powerful  destructive  agents. 
Again,  the  bed  on  which  the  stones  were  placed,  being 
loose  matter,  for  the  most  part,  was  easily  converted  into 
mud  when  water  sank  through  between.  It  was  unavoid- 
ably loosened  by  the  paviour's  tool,  to  suit  the  varying 
depths  and  narrow  bottoms  of  the  stones,  and  to  fill  up 
the  chasms  between  the  stones.  The  mud  was  worked  up 
to  the  surface,  and  the  stones  were  left  unsupported.  In 
consequence  of  these  defects,  the  surface  of  the  pavement 
soon  became  very  uneven,  and  not  unfrequently  simk  so 
much  as  to  form  hollows,  which  rendered  it  not  only 
incommodious  but  dangerous  to  horses  and  carriages. 

Such  was  the  system  of  pavement  met  with  in  London 
Mtj  years  ago.  Mr.  Telford,  in  1824,  clearly  pointed  out 
the  deficiencies  of  the  system ;  and  in  his  Report  (referred 
to  in  the  foot-note)*  he  recommended  first,  a  bottoming, 

•  See  Mr.  Telford's  "  Beport  respecting  the  Street  Pavements,  &c., 
of  the  Parish  of  St.  George's,  Hanover  Square/'  printed  in  Sir  Henry 
Pamell's  **  Treatise  on  Boads,"  p.  348,  2nd  Edition. 
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at  foundation^  of  broken  stones,  12  inches  deep ;  second^ 
rectangular  paving-stones  of  granite,  worked  flat  on  the 
face,  straight  and  square  on  all  the  sides,  so  as  to  joint 
close,  with  a  base  equal  to  the  face,  forming,  in  fact,  an 
ashlar  causeway.  The  dimensions  of  the  stones  were 
recommended  to  be  as  follows : — 

Width.  Depth.  Lenffih. 

Inches.  Inchei.  Inches. 

?0T  Streets  of  the  Ist  class       6  to  7}  10  11  to  13 

„  2nd    ,»         5  to  7  9  9  to  12 


M 


drd    „         4iio6         7  to  8  7  to  11 


Stones  of  such  dimensions  as  those  recommended  by 
Telford,  frequently  having  a  depth  of  12  inches,  have 
been  generally  employed  in  street -paving.  In  some 
instances,  they  have  been  laid  on  concrete,  with  the  joints 
grouted  with  lime  and  sand,  to  insure  a  great  degree  of 
stability.  They  have  been  proved  to  possess  great  dura- 
bility— of  which  many  instances  will  be  adduced — but 
they  have  been,  for  several  reasons,  generally  abandoned 
in  favour  of  narrower  paving-stones,  3  or  4  inches  in 
width,  though  many  secondary  streets  in  London  and  else- 
where, remain,^  at  this  day,  paved  with  6 -inch  stones. 

Macadam's  system  was  introduced  in  some  streets  where 
the  traffic  was  light,  but  it  did  not  equal  the  granite 
paving. 

Pavements  formed  of  blocks  of  wood  appear  to  have 
been  first  employed  in  Russia,  where,  according  to  the 
testimony  of  Baron  de  Bode,*  it  has  been,  though  rudely 
fashioned,  used  for  some  hundreds  of  years.  After  long 
and  repeated  trials  of  various  modjes  of  construction,  wood 
pavement  consisted,  according  to  the  approved  method,  of 
hexagonal  blocks  of  fir  wood,  6  inches  across  and  7  inches 
deep,  planted,  with  the  fibre  vertical,  close  to  each 
other,  on  a  sound  and  level  bottom ;  a  boiling  mixture  of 

•  <"  Wood  Fayement,*'  by  A.  B.  Blackie,  1842. 

J  I 
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pitch  and  tar  ^aa  poiired  ovor  thorn,  and  a  small  quantity 
of  MTor  Band  waa  strewed  over  the  tar.  "The  fabrication 
of  theBO  blockfl,"  ■wrote  Baron  de  Bode,  "ie  extremely 
simple  and  expeditious.  It  is  accomplished  by  fastening 
six  strong  blades  into  a  strong  bottom  of  cast-iron,  and 
pressing  the  ready-cut  pieces  of  wood  through  these  six 
blades  by  means  of  a  common  or  hydraulic  press.  The 
bottom  of  the  press  being  open,  these  cut  blocks  drop  on 
the  floor,  completely  formed  for  immediate  use.  Eed  fir 
is  considered  the  best ;  but  none  of  it  must  he  used  when 
it  has  blue  stripes  on  its  edges,  as  that  ie  a  proof  that  it 
is  in  a  state  of  decay.  The  blocks  must  be  perfectly  dried 
before  they  are  used,  and  squeezed  as  close  together  as 
possible  between  the  abutments,  one  on  each  side  of  the 
street  ot  road,  so  as  to  keep  the  pavement  from  moving." 
In  Norway,  Sweden,  Denmark,  and  Iceland,  wood  was,  at 
the  time  of  Mr.  Blackie's  writing,  and  it  may  be  now,  in 
general  use  for  the  pavement  of  streets  and  highways. 

In  the  United  States,  likewise,  wood  pavement  was  laid 

down  experimentally — in  New  York  in  1835-6,  and  about 

the  same  time  in  Philadelphia.    In  New  York,  it  was  laid 

in  three  different  forms,    A  hundred  yards  was  laid  in 

Broadway,    consisting    of     hexagonal 

blocks  of  pitch-pine,  6  inches  across, 

and  B  inches  deep.     No  pitch  or  tar 

was  apiilied  to  this  pavement :    it  wat, 

simply  Btrewed  occasionally  with  gravel 

ot  sand  for  a  month  after  it  was  laid. 

Fte.  6.-si™d'i  Wood    It  t*id  lain  for  two  years,  according  to 

""^toc^""  report,    without  having  required  any 

repair ;  though  it  appears  that  very  few  carts  passing  over 

it  carried  more  than  half  a  ton  of  load,  of  which  the  widest 

wheel  did  not  exceed  three  inches  in  width.     An  equal 

length  of  pavement  was  laid  in  William  Street,   a  minor 

thoroughfare,  in  the  end  of  1836 ;  the  pavement  consisted 
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of  6-inch  squaro  blocks  of  pino,  12  inches  deep.  The 
third  specimon  \taa  laid  in  Hill  Street,  in  the  middle  of 
1837,  consisting  of  the  sfune  size  and  kind  of  blocks  as 
those  laid  in  William  Street,  on  a  foundation  of  sand 
beat  down  very  hard.  It  ia  stuted  in  Mr.  Blackie's 
pamphlet  that  the  parement  of  square  blocks  was  laid  on 
boards — ^probably  in  William  Street. 

Idx.  David  Stead  was  the  first  constructor  of  wood 
paTemem  in  England.    He  patented  his  system  in  May, 
1838: — consisting  of  hexagonal  blocks  of  Scotch  fir  or 
Norway  fir,  &om  6  to  8  inches  across,  and  ^m  Si  to 
6  inches  deep,  according  to  the  traffic  of  the  thorouglifare  in 
which  they  were  to  be  laid-     Each  block  was  of  the  form 
shown  in  Fig.   5,  chamfered  at  the  upper  edges.     The 
ground  having  been  well  beaten  and  levelled,    it  was 
covered  with  throe  inches  of  gravel,   upon  whldi  the 
blocks  were  placed,  and  which  wa^  designed  to  carry 
away  the  water  which  might  penetrate  below  the  surface. 
The  pavement,  when  completed,  looked  substantial,  and 
presented  the  appearance  shown  in  Fig.  6.    When  the 
blocks  were  grooved  across,  they  appeared  together  as  in 
Fig.  7.   Mr.  Stead's  pavement  was, 
in  several  instances,  laid  on  a  bed 
of  concrete.  In  Manchester,  where 
it  was  thus  laid,  in  &ont  of  the 
Boyal  Infirmary,  the  concrete  bed 
was  three   inches  deep,    and    was 
composed  of  three  parts  of  email 
broken  stones,  ^  inch  in  diameter,  Yig.  t. 

flushed  ivith  Ardwick  lime  and  Bioad'.woodP.yam«iti888. 
Boman  cement.  The  lime  was  mixed  with  sand  in  the 
proportion  of  one  to  two;  and  the  cement  as  one  to 
twenty.  The  concrete  was  laid  upon  a  hard,  well-beaten 
day  substratum. 

Mr.  Stead  also  laid  j^avemeata  experimentally,  consist- 
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ing  of  ro\ihd  blocks  of  wood — sections  of  trees — placed 
vertically,  and  laid  tog^her  as  ia  Fig.  8.  The  interspaces 
-were  Med  vith  sifted  gravel  or  sharp  sand. 

The  first  example  of  wood-paving 
in  London,  was  laid  in  the  Old 
Bailey,  in  1839,  on  Stead's  system. 
It  was  Imd  haphazard  on  the  hod 
of  the  roadway.  The  pavement  did 
not  wear  well;  the  blocks  settled 
down  irregularly  in  the  unprepared 
itss.  foundation.  At  the  end  of  three 
1642,  the  pavement  was  lifted, 


years  and  two  months, 

and  removed  to  pave  the  yard  of  the  Sessions  House ; 

there  it  decayed,  and  a  large  crop  of  fungi  appeared  in  the 

places  not  touched  by  the  traffic. 

Mr.  Stead's  system  of  wood  paving 
was  laid  in  several  other  localities  in 
London  about  the  same  time  as  the 
piece  which  was  laid  in  the  Old 
Bailey,  and  also  in  Woolwich  Dock- 
yard. It  was  laid  also  in  Solford, 
Liverpool,  and  Leeds. 
Shortly  after  Mr,  Stead's  attempt. 


■even  other  wood  pavements,  of  various  design,  were  laid 
in  the  City ;  but  they  did  not  last,  for  the  most  part,  more 
than  three  or  four  years.  One  of 
these  was  the  invention  of  the  Count 
i  Lisle,  patented  in  the  name  of 
Hodgson,  in  December,  1839;  the  in- 
Ftg.3.-De  LiDie'a  w<«»i  vcntion  was  acquired  by  the  Metro- 
"mS^ilo™"'  politan  Wood  Pavement  Company. 
The  formation  of  the  blocks  was  called  the  "  Sterootomy 
of  the  Cube."  The  upper  and  under  surfaces  of  the  blocks, 
Fig.  9,  are  cut  diagonally  to  the  direction  of  the  grfun, 
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Tig.  10.- De  Lisle's  Wood 
Pavement,  1839. 


forming  parallelopipeds,  which  ore  placed  altematelj  in 

reversed  positions,  and  when  put  together  prosont  a  \m\\0' 

ment  having   the   appearance  of 

Fig.  10.    In  each  block,  two  holes 

are   cut  on  each  side  to  receive 

dowels    or    trenails,    designed  to 

lock  the  blocks  together. 

Mr.  Oarey's  wood  pavement, 
patented  in  1839,  was  one  of  the 
earliest  pavements  that  were  tried, 
and  it  proved  to  be  the  best  at 
the  time.  It  was  first  laid  in  the  City,  in  the  Poultry, 
in  1841,  where  it  lasted  six  years ;  and  it  was  shortly 
afterwards  laid  in  many  other  streets.  It  consisted  of 
blocks  of  wood  6  or  7  inches  wide,  from  12  to  14 
inches  in  length,  and  8  inches  deep,  shown  in  side 
elevation,  Fig.  11.  The  four-sided  blocks  of  wood 
were  of  wedge-form,  in  and  out,  side  wise  and  endwise 
vertically,  so  as  to  form  salient  and  re-entering  angles, 
and  to  interlock  on  all  the  four  sides,  each  block  with  its 
neighbour,  when  laid.  It  was  anticipated  that,  by  this 
arrangement,  each  block  would  receive  support  from  its 
neighbours,  and  would  be  prevented  from  shifting  or 
settling  from  its  position,  since  the  pressure  of  the  load 
that  was  to  come  upon  each  block  in  succession  would  be 
distributed  and  dispersed  over 
the  neighbouring  blocks.  Later 
experience  has  demonstrated 
two  things  : — that  lateral  sup- 
port of  this  kind  was  not  re- 
quired; and  that,  following  the  experience  of  stone-set 
paving,  the  wood  blocks  of  narrower  dimensions  answered 
better,  and,  with  suitable  interspaces,  afforded  the  necessary 
foothold  for  horses. 

Asphalte,  a  natural,  brittle  compound  of  bitumen  and 


Fig.  11  —  Carey's  Wood  Pavement. 
Vertical  Section,  1839. 
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limestone,  found  in  volcanic  districts,  was  introduced  from 
France,  for  foot-pavements,  in  1836.  It  has,  since  that 
time,  been  extensively  employed  in  the  City  of  London  for 
the  pavements  of  carriage-ways. 

In  France,  the  art  of  the  construction  of  roads,  a  hundred 
years  ago,  was  far  in  advance  of  English  practice.  Pre- 
viously to  1775,  the  causeway  was  generally  18  feet  wide, 
with  a  depth  of  18  inches  at  the  middle  and  12  inches  at 
the  sides,  according  to  the  profile,  Fig.  12.   Stones  were  laid 


Fig.  12.— Section  of  French  Roads.    Prerions  to  177S. 

flat,  by  hand,  in  two  or  more  layers,  on  the  bottom  of  the 

excavation ;  on  this  foundation,  a  layer  of  small  stones  was 

Dlaced  and  beaten  down,  and  the  surface  of  the  road  was 

formed  and  completed  with  a  finishing  coat  of  stones  broken 

smaller  than  those  immediately  beneath.     As  the  roads 

were,  down  to  the  year  1764,  maintained  by  statute  labour, 

with  which  the  reparations  could  only  be  conducted  in  the 

spring  and  the  autumn  of  each  year,  it  was  necessary  to 

make  the  thickness  of  the  roads  as  much  as  18  inches,  that 

they  might  endure  during  the  intervals  between  repairs. 

With  less  depth,  they  would  have  been  cut  through  and 

totally  destroyed  by  the  deep  ruts  which  were  formed  in 
six  months. 

The  suppression  of  statute  labour  (la  corvSe),  in  1764, 
was  the  occasion  of  a  reformation  in  the  design  of  cause- 
ways, whereby  the  depth  was  reduced  to  such  dimensions 
as  were  simply  strong  enough  for  resisting  the  weight  of 
the  heaviest  vehicles.  The  depth  was  reduced  to  a  uniform 
dimension  of  9  or  10  inches  from  side  to  side,  and  the  cost 
was  diminished  more  than  one  half.  Writing  in  1775, 
M.  Tresaguet,  engineer-in-chief  of  the  generality  of  Li- 
moges, stated  that  roads  constructed  on  the  improved  plan 
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lasted  for  ten  years,  under  a  system  of  constant  maintenance, 
and  that  they  were  in  as  good  condition  as  when  first  con- 
structed. The  section  of  these  roads,  as  elaborated  by  M. 
Tr^saguet,  is  shown  in  Fig.  13.  The  form  of  the  bottom  is 


ig.  lS.--6eotioii  of  French  Boad%  elaboxated  by  M.  Tr^sagnet.    1775. 

a  parallel  to  the  surface,  at  a  depth  of  10  inches  below  it. 
Large  boulder  stones  are  laid  at  each  side.  The  first  bed 
consisted  of  rubble  stones  laid  compactly  edgewise,  and 
beaten  to  an  even  surface.  A  second  bed,  of  smaller  stoneSi 
was  laid  by  hand  upon  the  first  bed.  Finally,  the  finishing 
layer,  of  small  broken  stones,  broken  by  hand  to  the  size  of 
walnuts,  was  spread  with  a  shovel.  Great  care  was  taken 
in  the  selection  of  stone  of  the  hardest  quality  for  the 
upper  surface.  The  rise  of  the  causeway  was  6  inches  in 
the  width  of  18  feet,  or  1  in  36. 

Tresaguet*s  method,  here  illustrated,  was  generally 
adopted  by  French  engineers  in  the  beginning  of  the 
present  century ;  although,  on  soft  ground,  they  placed  a 
layer  of  flat  stones  on  their  sides  under  the  rubble  work. 
In  this  case,  the  thickness  was  brought  up  to  20  inches. 
The  rise  of  the  causeway  was  as  much  as  l-25th,  and 
often  equal  to  l-20th  of  the  width. 

But,  if  the  design  was  good,  the  maintenance  was  bad. 
Large  and  unbroken  stones  were  thrown  into  the  holes  and 
ruts,  and  neither  mud  nor  dust  was  removed.  About  the 
year  1820,  the  system  of  Mr.  Macadam  attracted  some 
attention  in  France ;  and  the  peculiar  virtue  of  angular 
broken  stone  in  closing  and  consolidating  the  surface  was 
recognised.  About  the  year  1830,  it  is  said,  the  system  of 
Macadam  was  officially  adopted  in  France  for  the  con- 
struction of  roads;  and  M.  Dumas,  engineer-in-ohief  of 
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the  Fonts  et  Chaussees,  writing  in  1843,*  stated  that  the 
system  of  Macadam  was  generally  adopted  in  France,  and 
that  the  roads  were  maintained,  by  continuous  and  watch- 
ful attention  in  cleansing  the  roads  and  with  constant 
repair,  in  good  condition — ^r^alising  his  motto,  **  The  maxi- 
mum of  beauty."  But  the  employment  of  rollers  for  the 
preliminary  consolidation  and  finishing  of  the  road,  has 
been  an  essential  feature  in  their  construction  and  their 
maintenance ;  for  it  has  long  been  held  in  France  that  a 
road  unroUed  is  only  half  finished.  It  appears,  according 
to  Mr.  F.  A.  Paget,  that  the  horse-roller  was  introduced 
in  France  in  1833.  At  all  events,  in  1834,  M.  Folonceau, 
struck  by  the  yiciousness  of  the  mode  of  aggregating  or 
rolling  the  material  of  the  road  by  the  action  of  wheels, 
proposed,  in  the  first  place,  to  consolidate  the  bottom  by 
a  6-tpn  roller,  and  to  roll  the  material  in  successive  layers 
consecutively,  and  thus  to  complete  in  a  few  hours  what 
might,  in  the  ordinary  course  of  wheel -rolling,  require 
many  months  to  perform. 

•  '<AimftleK  de»  Fonts  et  Ohanaseea^"  1843 ;  toma  5,  pagt  S4ft. 
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CHAPTER  L 
EXPLORATION  OP  ROADS. 

This  part  of  the  work  is  confined  to  the  art  of  congtructing 
common  roads,  in  situations  where  none  previously  existed, 
and  to  the  repair  of  those  ah*eady  made.  Before  entering 
into  the  details  of  their  construction,  it  is  desirable  to  go 
into  the  subject  of  the  exploration  of  roads,  or  the  manner 
in  which  a  person  should  proceed  in  exploring  a  tract  of 
country,  for  the  purpose  of  determining  the  best  course  for 
a  road,  and  the  principles  which  should  guide  him  in  his 
final  selection  of  the  same. 

Suppose  that  it  is  desired  to  form  a  road  between  two 
distant  towns,  a  and  b,  Fig.  14,  and  for  the  present  neglect 
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Fiff.  14.— Laying  <mt  a  Boad. 


altogether  the  consideration  of  the  physical  features  of  the 
intervening  country ;  assuming  that  it  is  equally  favour* 
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able,  whatever  line  is  selected.  Now,  at  first  sight,  it 
would  appear  that,  under  such  circumstances,  a  perfectly 
straight  line  drawn  from  one  town  to  the  other,  would  be 
the  best  that  coiQd  be  chosen.  But  on  a  more  careful 
examination  of  the  locality,  it  may  be  found  that  there  is 
a  third  town,  c,  situated  somewhat  on  one  side  of  the 
straight  line  drawn  from  a  to  b  ;  and,  although  the 
primary  object  is  to  connect  the  two  latter,  it  may,  never- 
theless, be  considerably  better  if  the  whole  of  the  three 
towns  were  put  into  mutual  connection  with  each  other. 
Now  this  may  be  effected  in  three  different  ways ;  any  one 
of  which  might,  imder  certain  circumstances,  be  the  best. 
In  the  first  place,  a  straight  road  might,  as  originally  sug- 
gested, be  formed  from  a  to  b,  and,  in  a  similar  manner, 
two  other  straight  roads  from  A  to  c,  and  from  b  to  c.  This 
would  be  the  most  perfect  way  of  effecting  the  object  in 
view,  the  distance  between  any  two  of  the  towns  being 
reduced  to  the  least  possible  length.  It  would,  however, 
be  attended  with  considerable  expense,  and  it  would  be 
requisite  to  construct  a  much  greater  length  of  road  than 
according  to  the  second*  plan,  which  would  be  to  form,  as 
before,  a  straight  road  from  a  to  b,  and  from  o  to  construct 
a  road  which  should  join  the  former  at  a  point  d,  so  as  to 
be  perpendicular  to  it ;  the  traffic  between  a  or  b  and  o, 
would  proceed  to  the  point  d,  and  then  turn  off  to  o.  By 
this  arrangement,  while  the  length  of  the  roads  would  be 
very  materially  decreased,  only  a  slight  increase  would  be 
occasioned  in  the  distance  between  c  and  the  other  two 
towns.  The  third  method  would  be  to  form  only  the  two 
roads  a  c  and  c  b.  In  this  case,  the  distance  between  a  and 
B  would  be  somewhat  increased,  while  that  between  a  and 
c,  or  B  and  o,  woidd  be  diminished ;  the  total  length  of 
road  to  be  constructed  would  also  be  lessened. 

As  a  general  rule,  it  may  be  taken  that  the  last  of  these 
methods  is  the  best^  and  most  convenient  for  the  public ; 
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that  is  to  say,  if  the  pnysical  character  of  the  ooimtry 
does  not  determine  the  course  of  the  road,  it  will  generally 
bo  found  best  not  to  adopt  a  perfectly  straight  line,  but  to 
vary  the  line  so  as  to  pass  through  the  principal  towns 
near  its  general  course.  The  public  may  thus  be  con- 
voyed from  town  to  town  with  greater  facilitj'  and  loss 
expense  than  if  the  straight  line  were  adopted,  and  the 
towns  were  to  communicate  with  it  by  means  of  branch 
roads.  On  the  first  system,  vehicles  established  to  convey 
passengers  or  goods  between  the  two  terminal  towns, 
would  pass  through  all  those  which  were  intermediate; 
whilst,  if  the  straight  line  and  branch-road  system  were 
adopted,  a  system  of  branch  coaches  would  be  required 
for  meeting  the  coaches  on  the  main  line. 

In  laying  out  a  road  in  an  old  country,  in  which  the 
position  of  the  several  towns,  or  other  centres  of  industry, 
requiring  road  accommodation,  is  already  determined, 
there  is  less  liberty  for  the  selection  of  the  line  of  road 
than  in  a  new  country,  where  the  only  object  is  to  establish 
the  easiest  and  best  road  between  two  distant  stations.  In 
the  first  case,  the  positions  of  the  towns,  and  other  in- 
habited districts  situated  near  the  intended  road,  are  to  be 
taken  into  consideration,  and  the  course  of  the  road  may, 
to  a  certain  extent,  be  controlled  thereby ;  whilst,  in  the 
second  case,  the  physical  character  of  the  country  would 
alone  be  investigated,  and  it  alone  would  constitute  the 
basis  for  the  selection  of  a  new  route. 

Whichever  of  these  two  cases  may  be  dealt  with,  in  the 
selection  and  adoption  of  the  line  of  road  between  two 
points,  a  careful  examination  of  the  physical  character  of 
the  country  should  be  made,  and  the  line  of  the  route 
determined  in  accordance  with  physical  conditions. 

One  of  the  first  points  which  attract  notice  in  making  an 
examination  of  an  ordinary  tract  of  country,  is  the  uneven- 
ness  or  undulation  of  its  surface ;  but  if  the  observation  be 
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extended  a  little  farther,  one  general  principle  of  con- 
formation is  perceived  even  in  the  most  irregular  countries. 
The  country  is  intersected  in  various  directions  by  rivers, 
increasing  in  size  aeJ  they  approach  their  point  of  dis- 
charge ;  towards  these  main  rivers,  lesser  rivers  approach 
on  both  sides,  running  right  and  left  through  the  country ; 
and  into  these,  again,  enter  still  smaller  streams  and 
brooks.  Furthermore,  the  ground  falls  in  every  direction 
towards  the  natural  watercourses,  forming  ridges,  more 
or  less  elevated,  running  between  them,  and  separating 
from  each  other  the  districts  drained  by  the  streams. 

It  is  the  first  business  of  a  person,  engaged  in  laying 
out  a  Hne  of  road,  to  make  himself  thoroughly  acquainted 
with  the  features  of  the  country ;  he  should  possess  him- 
self of  a  plan  or  map,  showing  accurately  the  course  of  all 
the  rivers  and  principal  watercourses,  and  upoi^  this  he 
should  further  mark  the  lines  of  greatest  elevation,  or  the 
ridges  separating  the  several  valleys  through  which  they 
flow.  It  is  also  of  peculiar  service  when  the  plan  contains 
contour  lines  showing  the  comparative  levels  of  any  two 
points,  and  the  rates  of  declivity  of  every  portion  of  the 
country's  surface.  The  system  of  showing  upon  plans  the 
levels  of  the  ground  by  means  of  contour-lines,  is  one  of 
much  utility,  not  only  in  the  selection  of  roads  and  other 
lines  of  communication,  but  also  for  settling  the  lines  of 
the  drainage  of  towns,  as  well  as  of  their  water-supply, 
and  of  the  drainage  and  irrigation  of  lands,  and  for  many 
other  purposes.  A  contour-plan  of  the  City  of  London  * 
(Fig.  15)  illustrates  the  application  of  the  system. of  con- 
tour levels.  It  will  be  observed  that,  upon  this  plan,  there 
are  a  number  of  fine  lines  traversing  its  surface  in  various 
directions,  and,  where  they  approach  the  borders  of  the 
map,  having  figures  written  against  them :  these  lines  are 

*  This  plan  is  taken  from  a  Beport  on  the  Health  of  Towns,  and 
is  made  from  levels  taken  from  Mr.  Butler  Williams. 


Fig.  15  -Contour  Plan  ofLomdon. 
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termed  contour-lines,  and  they  denote  that  the  level  of  the 
ground  is  identical  throughout  the  whole  of  their  course : 
that  is  to  say,  that  every  part  of  the  ground  over  which  the 
line  passes,  is  at  a  certain  height  above  a  known  fixed 
point,  the  height  being  indicated  by  the  figures  written 
against  the  line.  At  the  point  a,  for  example,  in  Smithfield 
Mai*ket,  a  line  with  the  figures  67  is  attached,  which  indi- 
cates that  the  ground  at  that  spot  is  57  feet  above  some 
point  to  which  all  the  levels  are  referred.  If  the  course  of 
the  line  be  traced,  it  is  found  that  it  cuts  Newgate  Street 
at  the  point  b,  passes  thence -to  the  bottom  of  Paternoster 
Eow  at  the  point  i,  through  St.  PauVs  Churchyard  at  o,  to 
Cheapside  at  d.  It  then  curves  round  towards  the  point 
from  which  it  first  started,  and  crosses  Aldersgate  Street 
twice,  at  £  and  f;  and,  after  intersecting  Fore  Street^ 
Cripplegate,  in  the  point  o,  it  again  meets  the  boundary 
of  the  City  at  h.  It  is  thus  shown  that,  tracing  the 
course  of  this  line,  each  of  those  points  stands  at  the  same 
height,  namely,  57  feet  above  a  certain  fixed  point,  termed 
the  datum.  This  point  is,  in  the  present  instance,  10  feet 
below  the  top  of  the  cap-stone  at  the  foot  of  the  step,  on  the 
east  side  of  old  Blackfriars  Bridge.  Each  interval  between 
the  lines  in  Fig.  8,  indicates  a  difierence  of  level  of  18 
inches ;  and  by  counting  the  number  of  these  lines  which 
intersect  a  street  or  road  within  any  given  distance,  the 
rise  or  fall  in  the  street  is  at  once  ascertained  by  simple 
multiplication.  Thus,  looking  at  the  line  of  Bishopsgate 
Street,  near  the  north  end,  the  contour-line  45  is  seen,  in- 
dicating that  that  point  in  the  street  is  45  feet  above  the 
datum,  and  nine  lines  are  found  intersecting  the  street 
between  that  point  and  the  top  of  Comhill.  It  is  calcu- 
lated, therefore,  that  this  point  is  (1*5  X  9  =)  13*5  feet 
above  the  other  end  of  the  street,  or  58*5  feet  above  the 
datum.  The  rate  of  inclination  of  the  ground  may  also  be 
estimated  by  the  relative  proximity  or  distance  apart  of 
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these  lines.  Thus,  on  the  northern  side  of  the  Oitj,  where 
the  groTind  is  comparatively  level,  the  lines  are  far  apart ; 
whereas,  on  the  side  next  the  Thames,  and  again  on  each 
side  of  the  line  of  Farringdon  Street,  which  marks  the 
course  of  the  valley  of  the  old  river  Fleet,  where  the  sur- 
face is  very  hilly,,  the  contour  lines  lie  close  together. 

The  plan.  Fig.  16,  shows  an  imaginary  tract  of  country, 
to  illustrate  more  clearly  the  mode  of  showing  by  moans 
of  contotir-lines,  the  physical  features  of  a  country.  The 
hatched  line,  e  f  a  h  i,  is  supposed  to  bo  an  elevated  ridge, 
encircling  the  valley  shown  in  the  plan;  the  fine  black 
lines  are  contour-lines,  indicating  that  the  ground  over 
which  they  pass  is  at  the  altitude  above  some  known 
mark  expressed  by  the  figures  written  against  them  in  the 
margin.  It  will  be  observed  that  these  lines,  by  their 
greater  or  less  distance,  have  the  effect  of  shading,  and 
make  apparent  to  the  eye,  the  undulations  and  irregu- 
larities in  the  surface  of  the  country. 

In  laying  out  a  line  of  road,  there  are  three  cases  which 
may  have  to  be  treated,  and  each  of  these  is  exemplified  in 
the  plan,  Fig.  16.  First,  the  two  places  to  be  connected,  as 
the  towns  a  and  b  on  the  plan,  may  be  both  situated  in  the 
same  valley,  and  upon  the  same  side  of  it ;  that  is,  that 
they  are  not  separated  from  each  other  by  the  main  stream 
which  drains  the  valley.  This  is  the  simplest  case.  Secondly, 
although  both  in  the  same  valley,  the  two  places  may  be 
on  the  opposite  sides  of  the  valley,  as  at  a  and  c,  being 
separated  by  the  main  river.  Thirdly,  they  may  be  situ- 
ated in  different  valleys,  separated  by  an  intervening  ridge 
of  ground  more  or  less  elevated,  as  at  a  and  d.  In  laying 
out  an  extensive  line  of  road,  it  frequently  happens  that  all 
these  cases  have  to  be  dealt  with :  frequently,  perhaps, 
during  its  course. 

The  most  perfect  road  is  that  of  which  the  course  is 
perfectly  straight,  and  the  surface  perfectly  level ;  and,  all 
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other  things  being  the  same,  that  is  the  best  road  which 
answers  nearest  to  this  description. 

Now,  in  the  first  case : — That  of  the  two  towns  situated 
on  the  same  side  of  the  main  valley,  there  are  two  methods 
which  may  be  pursued  in  forming  a  communication  be« 
tween  them.  A  road  following  the  direct  line  between 
them,  shown  by  the  thick  dotted  line  a  b  may  be  made ;  or, 
a  line  may  be  adopted  whicb  should  gradually  and  equally 
incline  from  one  town  to  the  other,  supposing  them  to  be 
at  different  levels,  or  which  should  keep,  if  they  are  on  the 
same  level,  at  that  level  throughout  its  entire  course,  fol- 
lowing all  the  sinuosities  and  curves  which  the  irregular 
formation  of  the  country  might  render  necessary  for  the 
fulfilment  of  these  conditions.  According  to  the  first 
method,  a  level  or  a  uniformly-inclined  road  might  be  made 
from  one  to  the  other,  forming  embankments  and  cuttings 
where  necessary ;  or  these  expensive  works  might  be 
avoided,  and  the  surface  of  the  road  made  to  conform  to 
that  of  the  country.  Now,  of  all  these,  the  best  is  the 
straight  and  uniformly-inclined,  or  the  level  road,  although 
at  the  same  time  it  is  the  most  expensive.  If  the  importance 
of  the  traffic  passing  between  the  places  is  not  suffi- 
cient to  warrant  so  great  an  outlay,  it  will  become  a  matter 
of  consideration  whether  the  course  of  the  road  should  be 
kept  straight,  its  surface  being  made  to  undulate  with  the 
natural  face  of  the  country;  or  whether,  a  level  or  equally- 
inclined  line  being  adopted,  the  course  of  the  road  should 
be  made  to  deviate  from  the  direct  line,  and  follow  the 
•winding  course  which  such  a  condition  is  supposed  to 
necessitate. 

In  the  second  case,  that  of  two  places,  situated  on  oppo- 
site sides  of  the  same  valley,  there  is,  in  like  manner,  the 
choice  of  a  perfectly  straight  line  to  connect  them,  which 
would  probably  require  a  heavy  embankment  if  the  road 
were  kept  level ;  or  steep  inclines,  if  it  followed  the  surface 
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of  the  country ;  or,  by  winding  the  road,  it  may  be  carried 
across  the  valley  at  a  higher  point,  where,  if  the  level  road 
were  taken,  the  embankment  would  not  be  so  high,  or,  if 
kept  on  the  surface,  the  inclination  would  be  reduced. 

In  the  third  case,  there  is,  in  like  manner,  the  alterna- 
tive of  carrying  the  road  across  the  intervening  ridge  in  a 
perfectly  straight  line,  or  of  deviating  it  to  the  right  or 
the  left,  and  crossing  at  a  point  where  the  ridge  is  less 
elevated. 

The  proper  determination  of  the  question,  which  of  these 
courses  is  the  best  under  certain  circumstances,  involves  a 
consideration  of  the  comparative  advantages  and  disad- 
vantages of  inclines  and  curves.  What  additional  increase 
in  the  length  of  a  road  would  be  equivalent  to  a  given  in- 
clined plane  upon  it ;  or,  conversely,  what  inclination  might 
be  given  to  a  road,  as  an  equivalent  to  a  given  decrease  in 
its  length  ?  To  satisfy  this  question,  it  is  requisite  to  know 
the  comparative  force  required  to  draw  different  vehicles 
with  given  loads  upon  level  and  upon  variously-inclined 
roads : — a  subject  which  is  treated  in  Chapter  III. 

In  laying  out  a  new  line  of  road,  the  first  proceeding  is 
usually,  after  a  general  examination  of  the  country,  to  lay 
down  one  or  more  lines  upon  the  best  map  which  can  be 
procured.  On  a  contour-map  of  the  district,  this  proceed- 
ing is  greatly  facilitated.  The  next  step  is  to  make  an 
accurate  survey  of  the  lands  through  which  the  several 
lines  sketched  out  pass,  which  should  be  plotted  to  such  a 
scale  as  will  admit  of  the  smallest  features  being  shown  with 
sufficient  accuracy  and  distinctness.  A  scale  of  ten  chains 
to  the  inch,  for  the  open  country,  with  enlarged  plans  of 
towns  and  villages  upon  a  scale  of  three  chains  to  the  inch, 
is  generally  found  to  be  sufficient.  Careful  levels  should 
also  be  taken  along  the  course  of  each  line ;  and  at  suitable 
distances,  depending  upon  the  nature  of  the  country,  lines 
of  levels  should  be  taken  at  right  angles  to  the  original 
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line,  in  taking  these  leyels,  the  heights  of  all  existing 
roads,  riyers,  streams,  or  canals  should  be  noted;  bench- 
marks should  be  left  at  least  every  half-mile,  Ihat  is,  marks 
made  on  any  fixed  object,  such  as  a  g^te-post,  or  the  side 
of  a  house  or  barn,  the  exact  height  of  which  is  ascertained, 
and  registered  in  the  leyel-book.  The  bench-marks  ar& 
useful  in  case  of  deviations  being  made  in  any  portion  of 
the  lines,  for  the  levels  may  be  taken  direct  from  the  bench- 
marks, thus  obviating  the  necessity  of  again  levelling 
other  parts  of  the  line.  A  section  should  be  formed 
from  the  levels,  to  the  same  horizontal  scale  as  the  general 
plan,  with  such  a  vertical  scale  as  will  show  with  distinct- 
ness the  inequalities  of  the  ground.  If  the  horizontal 
scale  is  ten  chains  to  the  inch,  the  vertical  scale  may  be 
20  feet  to  the  inch. 

Apian  of  this  kind  is  exemplified  in  Fig.  17,  plotted  to  a 
scale  of  ten  chains  to  the  inch,  showing  a  district  through 
which  a  road  is  to  be  constructed.  One  line  is  shown  run- 
ning nearly  straight  across  the  plan,  together  with  a  devia- 
tion thereM)m,  which,  although  of  greater  length,  would 
run  on  more  favourable  ground.  The  sections.  Figs.  18  and 
19,  show  the  levels  of  the  surface  of  the  ground  on  the 
straight  line,  and  on  the  deviation  from  it  respectively. 
The  required  information  is  given  on  the  plans,  for  enabling 
the  engineer  to  lay  down  the  course  of  the  road,  and  to 
arrange  the  position  and  dimensions  of  the  culverts,  bridges, 
and  other  works  necessary  in  its  construction. 

It  is  shown  in  Fig.  17  that  the  straight  line  crosses  a 
stream  at  b,  and  the  river  twice  at  o  and  d  ;  and  also  that 
it  must  pass  from  b  to  e,  over  a  swamp  or  morass  of  such 
a  nature  that,  if  a  solid  embankment  be  formed,  it  is  pro- 
bable that  a  very  large  quantity  of  earth  would  be  absorbed 
beyond  what  is  indicated  in  the  section.  It  would,  in 
addition,  be  necessary  to  form  bridges  with  several  capa- 
cious openings  at  the  points  where  the  intended  road  would 
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cross  the  river,  since  the  river  would  be  liable  to  be  flooded. 
Such,  disadvantages  attending  the  more  obvious  route,  would 
induce  the  engineer  to  sketch  out  some  other  line,  by  which 
they  would  be  avoided.  He  would  have  the  levels  taken, 
with  other  needful  information,  to  enable  him  to  choose 
between  the  two  routes. 

The  manner  in  which  the  sections  should  be  drawn,  and 
the  nature  of  the  information  to  be  given  upon  them,  are 
exemplified  in  Figs.  1 8  and  19.  In  addition,  data  of  the  fol- 
lowing character  should  be  obtained,  and  should  be  entered 
either  in  the  survey  field-book,  or  in  the  level-book. 

At  the  point  b,  fig.  17|  the  line  crosses  a  stream  8  feet  in  width 
and  1  foot  deep ;  in  flood,  this  stream  brings  down  a  considerable 
quantity  of  water. 

At  the  point  c  on  the  section,  the  river  is  mnch  narrower  and 
is  not  so  deep  as  at  other  places,  in  consequence  of  a  great  por- 
tion of  its  waters  finding  a  passage  through  the  marshy  ground 
on  either  side.  Its  width  is  16  feet,  and  its  depth  2  feet ;  the 
Telocity  of  the  current  is  95  feet  per  minute ;  the  height  of  its 
surface  at  tho  present  time  is  30*10  feet  above  the  datum ;  and 
the  angle  of  skew  which  the  course  of  the  stream  makes  with  the 
line  of  the  road  is  62  degrees. 

At  the  point  D  the  river  is  27  feet  wide,  and  2}  feet  in  depth ; 
its  velocity  87  feet  per  minute ;  the  height  of  its  surface  above 
the  datum  29-96  feet ;  and  the  angle  of  skew  49  degrees. 

The  ground  firom  b  to  b  is  of  a  very  soft,  boggy  nature,  and 
full  of  water. 

The  height  to  which  the  river  hns  risen  during  the  highest 
flood  known,  at  the  bridge  at  f  on  the  plan,  is  35  feet  above  the 
datum;  the  water-way  at  that  time  was  90  feet,  and  the  sec- 
tional area  of  the  opening  through  which  the  water  then  flowed 
was  550  square  feet.  The  same  flood  at  the  lower  bridge,  at  o  on 
the  plan,  was  35*3  feet  above  the  datum ;  the  water-way  was 
102  feet,  and  the  sectional  area  nearly  600  square  feet. 

The  deviation-line  only  crosses  one  stream,  at  m,  on  the  plan 
and  the  section.  The  width  of  this  stream  at  present  is  15  feet, 
and  its  depth  18  inches;  but  in  times  of  flood  it  rises  to  the  same 
height  as  the  river,  and  brings  down  a  large  body  of  water,  Thf 
height  of  its  surface  at  present  above  the  datum  is  31*25  feet,  and 
the  angle  which  its  course  makes  with  the  line  of  road  is  85 
degreea- 
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The  information  relative  to  the  rivers  crossed,  such  as  is 
given  above,  should  always  be  obtained,  in  order  that  the 
bridges  constructed  over  them  may  be  adequate  for  the 
passage  of  the  water  brought  down  in  time  of  floods. 

A  cross  section  should  be  taken  of  each  of  the  existing 
roads,  near  their  junctions  with  the  intended  road ;  to 
show  to  what  extent,  if  any,  the  levels  of  the  existing 
roads  might  be  altered  to  suit  the  levels  of  the  proposed 
new  road. 

Laying  out  a  Road, — On  the  sections  Figs.  18  and  19  the 
line  of  the  road  is  to  be  laid  down ;  in  other  words,  the 
levels  at  which  it  shall  be  formed  are  to  be  determined. 
As  the  road  should  always  be  dry,  it  should  be  placed  at 
least  a  foot  above  the  level  of  the  flood ;  and  if  it  be  placed 
at  37*25  feet  above  the  datum,  which  is  the  height  of  the 
existing  road  at  i,  this  object  will  be  effected.  Drawing  a 
line  at  this  level  upon  the  section,  it  appears  that  an 
embankment  will  have  to  be  formed  across  the  valley 
from  the  road  at  i,  to  the  point  where  the  line  meets  the 
ground  at  k;  and  that  the  remainder  of  the  road  &om  k 
to  H  will  be  in  a  cutting.  Now,  the  obvious  principle  in 
arranging  the  levels  of  a  road,  would  be  so  to  adjust  the 
cuttings  and  embankments  that  the  ground  taken  from  one 
should  form  the  other.  In  the  present  instance,  this  is 
impossible,  because  the  level  of  the  road  is  determined  by 
other  circumstances,  and  necessitates  the  formation  of  a 
very  long  embankment  with  but  very  little  cutting.  It 
therefore  becomes  necessary  that  ground  for  the  formation 
of  the  embankments  should  be  obtained  from  some  other 
source.  But,  in  order  to  produce  as  much  cutting  as 
possible,  the  line  should  be  kept  at  the  same  level  as 
before  until  it  becomes  necessary  to  raise  it  so  as  to  attain 
the  level  of  the  existing  road  at  h.  If  an  inclination  of  1 
in  50  be  given  to  this  last  part  of  the  road,  the  distance  at 
which  the  rise  will  commence  will  be  200  feet  froze  h,  the 
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difference  of  level  being  4  feet.  There  is  therefore  to  be 
added  to  the  other  disadvantages  already  mentioned,  as 
belonging  to  the  straight  line  of  road,  that  of  the  formation 
of  a  large  embankment,  with  the  necessity  for  maldng  an 
excavation  in  some  other  place,  to  supply  the  earth  for  that 
purpose. 

Examine  the  section  of  the  deviation-line,  and  see  what 
improvement  can  be  thereby  effected.     The  level  of  the 
lowest  portion  of  the  road  must,  as  before,  be  placed  37'25 
feet  above  the  datum ;  and  if  a  line  be  drawn  at  that  level 
or  the  section,  Eig.  19,  it  will  be  found  that  the  quantity  of 
embankment  is  very  much  reduced,  compared  with  what 
would  be  required  for  the  straight  course,  and  that  there 
is  now  no  difficulty  in  adjusting  the  cutting  between  h  and 
L,  so  as  exactly  to  afford  the  amount  of  filling  required. 
A  few  trials  will  show  that,  if  the  line  be  kept  at  the  same 
level  until  within  sixteen  chains  of  the  point  n,  and  then 
carried  up  at  a  regular  inclination,  this  object  will  be 
effected,  and  that  the  quantities  of  cutting  and  embank- 
ment will  be  very  nearly  equal.     The  deviation-line  is, 
therefore,  the  line  which  the  engineer  would  select  as  the 
better  of  the  two.     Having  made  his  selection,  he  would 
proceed  to  mark  the  course  of  the  road  on  the  ground,  by 
driving  stakes  into  the  ground,  on  its  centre  line,  at  inter- 
vals of  one  chain-length,  or  66  feet.    In  the  next  place,  he 
would  take  very  careful  levels  of  the  ground  at  every  one 
of  these  points,  and  at  any  intermediate  point,  where  an 
undulation  or  change  of  level  occurred ;  and  wherever  the 
level  of  the  ground  varied  to  any  extent  in  a  direction  at 
right  angles  with  the  course  of  the  road,  he  would  take 
levels  from  which  he  would  make  transverse  or  cross 
sections  of  the  ground. 

From  these  levels  a  working  section  should  be  made,  to 
a  horizontal  scale  of  not  less  than  five  chains  to  the  inch, 
and  a  vertical  scale  of  20  feet  to  the  inch.     A  portion  of 
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the  Boction  plotted  to  these  scales  is  shown  in  Fig.  20  ; 
the  level  of  the  surface  of  the  ground  above  the  datum,  at 
every  chain-length,  at  the  points  where  stakes  have  been 
driven  into  the  ground,  should  be  figufed-in  on  the  section, 
as  shown  in  the  column  a,  and  the  depth  of  cutting  or 
height  of  embankment,  at  the  same  points,  should  be  given 
in  another  column,  b.  The  entries  in  this  last  column 
are  obtained  by  taking  the  difference  between  the  level  of 
the  surface  of  the  ground  and  the  level  of  the  road.  It  will 
be  observed  that,  upon  the  section,  there  are  two  parallel 
lines  drawn  as  representing  the  line  of  road ;  the  upper 
Hne  is  intended  to  represent  the  upper  surface  of  the  road 
when  finished,  while  the  lower  thick  line  represents  what 
is  termed  the  formatian'Surfaee,  or  the  level  to  which  the 
surface  of  the  ground  is  to  be  formed,  to  receive  the  foun- 
dation of  the  road.  In  the  section,  the  formation-surface 
is  shovm  15  inches  below  the  finished  surface  of  the  road  ; 
the  difference  of  level  is  therefore  the  thickness  of  the  road 
itself.  All  the  dimensions  on  the  section  are  understood 
to  refer  to  the  formation-level ;  and  the  height  of  the  latter 
above  the  datum  should  be  figured-in  wherever  a  change 
in  its  rate  of  inclination  takes  place,  and  should  be  marked 
by  a  stronger  vertical  line,  as  shown  at  c. 
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CHAPTER  n. 

CONSTRUCTION  OF  ROADS :  EARTHWORK  AND 

DRAINAGE. 

Eivrthworh, — ^Tliis  term  is  applied  to  whatever  relates  to 
the  construction  of  the  excavations  and  the  embankments, 
to  prepare  them  for  receiving  the  road-covering. 

When  the  cuttings  are  of  considerable  depth,  trial  pits 
should  be  sunk  at  intervals  of  about  ten  chains,  to  the 
depth  of  the  intended  cutting,  for  the  purpose  of  ascertain- 
ing the  nature  of  the  ground,  and  determining  the  slopes 
at  which  the  sides  of  the  cutting  would  safely  stand,  as 
well  as  the  slope  at  which  the  same  earth  would  stand 
when  formed  into  the  embankments.  The  cuttings  and 
embankments  should  be  numbered  on  the  section,  and  the 
slopes  intended  to  be  given  to  each  should  be  stated  upon 
the  section.  The  contents  of  a  cutting  or  an  embankment, 
that  is,  the  number  of  cubic  yards  which  will  have  to  be 
moved  for  its  formation,  with  the  intended  slope,  should 
then  be  calculated  and  stated  upon  the  section.  The  man- 
ner of  calculating  these  quantities  will  be  explained  in  a 
subsequent  chapter. 

Wherever  rivers  or  streams  are  crossed,  bridges  or  cul- 
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verts  must  be  introduced ;  detail  drawings  of  these  should 
be  prepared,  and  reference  should  be  made  to  them  on  the 
working  section. 

A  working  plan  should  be  constructed,  on  the  same 
horizontal  scale  as  the  section,  upon  which  the  positions 
of  the  centre  stakes  should  be  shown ;  and  on  this  plan 
the  road  should  be  drawn  to  its  correct  width  at  the  upper 
surface,  with  other  lines  showing  the  feet  of  the  slopes. 
The  stakes  should  be  numbered  oonsecutiyelj  on  the  plan, 
to  facilitate  reference  to  any  part  of  the  line,  and  the  width 
of  land  required  at  every  stake  should  be  calculated  in  the 
manner  about  to  be  described,  and  entered  in  a  table,  from 
which  the  width  of  land  required  for  the  purpose  of  the 
road  may  be  ascertained  at  every  chain.  Suppose  that,  in 
the  present  instance,  the  finished  width  of  the  road  itseK 
is  to  be  40  ft.,  and  that  an  additional  6  ft.  will  be  required 
on  each  side  for  the  ditch  and  bank,  the  half  width  of  the 
road  without  any  slopes,  or  where  the  road  is  on  the  same 
level  as  the  groimd,  would  be  26  ft. ;  and  it  may  be 
observed  in  the  following  table,  wherever  there  is  no  cut- 
ting or  embankments  (as  at  stakes  Nos.  1  and  30),  this  is 
the  width  given  in  the  fourth  column.  To  find  the  heights 
at  the  other  stakes,  the  product  of  the  height  of  embank- 
ment or  depth  of  cutting  (as  the  case  may  be)  by  the  ratio 
of  the  slope  is  to  be  added  to  the  half  width,  26  ft.  Thus, 
in  the  first  cutting,  the  ratio  of  the  slopes  being,  as  stated 
on  the  section,  1  to  1,  there  is  simply  to  add  the  depths  of 
the  cutting  at  each  stake  to  26  ft.,  and  the  numbers  given 
in  the  fourth  column  are  obtained.  After  the  21st  stake, 
the  cutting  terminates,  and  the  ratio  of  the  slopes  then 
becomes  1^  to  1,  and  an  addition  of  one  and  a  half  times 
the  height  of  the  embankment  is  to  be  made  to  the  normal 
half  width,  26  ft.,  to  give  the  remaining  values  in  the 
foiuih  column  of  the  table. 
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Table  No.  2,— Swb  Widthb. 


§ 

1^ 

1 

i. 

•si 

ij 

11 
1 

i 

■s 

1 

1 

Feet. 

Y„t. 

F„t. 

fHt. 

Feet. 

Feet. 

OUO 

17 

2-33 

28-3 

0-68 

26-8 

18 

2'fi2 

28-S 

26-9 

19 

2-20 

28-2 

120 

27-2 

20 

1-60 

27-6 

l-o6 

27'6 

21 

075 

26-8 

ISl 

27'9 

22 

0-65 

2a'8» 

2'04 

28'0 

23 

2-20 

29-3 

1-87 

27-9 

2i 

3-fi2 

31-3 

1-90 

27-9 

25 

4-00 

390 

207 

28-1 

26 

3-79 

31-7 

15 

2-17 

- 

28-2 

97 

z 

2-60 

29-9 

After  ascertaimug  the  half  widtha  as  shown  in  the  table 
No.  2,  the  next  operation  is  to  set  out  the  widths  ou  the 
ground,  driving  in  another  stake  at  every  chain-length,  at 
tiie  correct  distance  on  each  side  of  the  centre  stake.  A 
grip  about  4  or  5  iu.  wide  should  then  be  cut  from  stake 
to  stake,  so  as  to  mark  both  the  centre  and  sides  of  the 
road  upon  the  ground  by  a  continuous  line.  The  side 
lines  thus  set  out,  it  must  be  remembered,  are  not  the  foot 
of  the  slopes,  but  they  include  6  ft.  on  each  side  for  a  bank 
and  a  ditch.  Another  stake  should  therefore  be  driven  at 
every  chain-length,  6  ft.  within  the  outer  stakes  on  each 
side,  and  another  grip  cut  to  mark  the  foot  of  tho  slopes. 

A  strong  post  should  next  be  fixed  into  the  ground, 

*  Tbe  ilopee  here  change  from  1  to  1,  to  1}  to  1. 
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upon  the  centre  line,  whereyer  a  change  in  the  inclination 
of  the  road  takes  place  (as  at  the  17th  stake  in  the  present 
instance),  upon  which  a  cross  piece  should  be  placed  at  the 
intended  height  of  the  formation-surface  of  the  road,  and 
intermediate  heights  should  be  put  up  at  such  distances  as 
will  enable  the  workmen  to  keep  the  embankments  to  their 
proper  level.  For  cuttings,  pits  must  be  sunk  correspond- 
ingly, at  certain  intervals,  to  the  depth  of  the  formation- 
surface,  to  serve  as  g^des  to  the  excavators  in  forming 
the  cutting. 

In  the  foregoing  example,  the  slopes  have  been  taken 
at  ratios  of  1  to  1,  and  H  to  1 ;  but  it  should  be  remem- 
bered that  the  inclination  of  the  side  slopes  demands 
peculiar  attention.  The  proper  inclination  depends  on  the 
nature  of  the  soil,  and  the  action  of  the  atmoephere  and 
of  internal  moisture  upon  it.  "In  common  soils,  as  or- 
dinary garden-earth  formed  of  a  mixture  of  clay  and 
sand,  compact  clay,  and  compact  stony  soils,  although 
the  side  slopes  would  withstand  very  well  the  efPects  of 
the  weather  with  a  steeper  inclination,  it  is  best  to  give 
them  two  base  to  one  perpendicular ;  as  the  surface  of 
the  roadway  will,  by  this  arrangement,  be  well  exposed 
to  the  action  of  the  sun  and  air,  which  will  cause  a 
rapid  evaporation  of  the  moisture  on  the  surface.  Pure 
sand  and  gravel  may  require  a  greater  slope,  according 
to  circumstances.  In  all  cases  where  the  depth  of  the 
excavation  is  great,  the  base  of  the  slope  should  be  in- 
creased. It  ifl  not  usual  to  use  any  artificial  means  to 
protect  the  surface  of  the  side  slopes  from  the  action  of 
the  weather ;  but  it  is  a  precaution  which,  in  the  end,  will 
save  much  labour  and  expense  in  keeping  the  roadway  in 
good  order.  The  simplest  means  which  can  be  used  for 
this  purpose,  consist  in  covering  the  slopes  with  good  sods, 
or  else  with  a  layer  of  vegetable  mould  about  4  inches 
thick,  carefully  laid  and  sown  with  grass  seed.     These 
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means  are  amply  sufficient  to  protect  the  side  slopes  from 
injury  when  they  are  not  exposed  to  any  other  causes  of 
deterioration  than  the  wash  of  the  rain,  and  the  action  of 
frost  on  the  ordinary  moisture  retained  by  the  soil. 

'-*  The  side  slopes  form  usually  an  unbroken  surface  from 
the  foot  to  the  top.  But  in  deep  excavations,  and  particu- 
larly in  soils  liable  to  slips,  they  are  sometimes  formed 
with  horizontal  offsets,  termed  henches,  which  are  made  a 
few  feet  wide,  and  have  a  ditch  on  the  inner  side  to  receive 
the  surface-water  from  the  portion  of  the  side  slope  above 
them.  These  benches  catch  and  retain  the  earth  that  may 
fall  from  the  portion  of  the  side  slope  above. 

*'When  the  side  slopes  are  not  protected,  it  will  be  well, 
in  localities  where  stone  is  plenty,  to  raise  a  small  wall  of 
dry  stone  at  the  foot  of  the  slopes,  to  prevent  the  wash  of 
tlie  slopes  from  being  carried  into  the  roadway. 

*'A  covering  of  brush-wood,  or  a  thatch  of  straw,  may 
also  be  used  with  good  effect ;  but,  from  their  perish- 
able nature,  they  will  require  frequent  renewal  and 
repairs. 

**In  excavations  through  solid  rock,  which  does  not 
disintegrate  on  exposure  to  the  atmosphere,  the  sides 
might  be  made  perpendicular ;  but  as  this  would  exclude, 
in  a  great  degree,  the  action  of  the  sun  and  air,  which  is 
essential  to  keeping  the  road-surface  dry  and  in  good  order, 
it  is  necessary  to  make  the  side  slopes  with  an  inclination, 
varying  from  one  base  to  one  perpendicular,  to  one  base 
to  two  perpendicular,  or  even  greater,  according  to  the 
locality: — the  inclination  of  the  slope  on  the  south  side  in 
northern  latitudes  being  the  greater,  to  expose  better  the 
road-surface  to  the  sun's  rays. 

"The  slaty  rocks  generally  decompose  rapidly  on  the  sur- 
face, when  exposed  to  moisture  and  the  action  of  frost. 
The  side  slopes  in  rocks  of  this  character  may  be  cut  into 
steps,  and  then  be  covered  by  a  layer  of  vegetable  mould 
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sown  in  grass  seed,  or  else  the  earth  may  be  sodded  in  the 
usual  way. 

*^The  stratified  soils  and  rocks,  in  which  the  strata  have 
a  dip,  or  inclination  to  the  horizon,  are  Eable  to  slips.'oT 
to  give  way,  jjT^ne  stratum  becoming  dfltafihfid  and  sliding 
onanother ;  which  is  caused  either  from  the  action  of  frost, 
or  from  the  pressure  of  water,  which  insinuates  itself 


between  the  strata.  The  worst  soils  of  this  character  are 
those  formed  of  alternate  strata  of  clay  and  sand ;  particu«' 
larly  if  the  clay  ig  of  a  nature  to  become  semi-fluid  when 
mixed  with  water.  The  best  preventives  that  can  be  re- 
sorted to  in  these  cases  are,  to  adopt  a  system  of  thorougji 
drainage^  to  prevftnt  the  surface-water  of  the  ground  from 
runningjown  the  side  slopes,  and  to  cut  off  all  springs 
wEichrun  towards  the  roadway  from  the  side  slopes.  The 
surface-water  may  be  cut  off  by  means  of  a  single  ditch 
made  on  the  up-hill  side  of  the  road,  to  catch  the  water 
b6fofe~U£eaches  the  slope  of  the  excavation,  and  convey 
it  off  to  the  most  convenient  natural  water-courses ;  for,  in 
almost  every  case^  it  will  be  found  that  the  side  slope  on 
the  down-hill  side  is,  comparatively  speaking,  but  slightly 
affected  bythe  surface-water. 

'IVhere  slips  occur  from  the  action  of  springs,  it  fre- 
quently become  a  very  difficult  task  to  secure  the  side 
slopes.  If  the  sources  can  be  easily  reached  by  excavating 
into  the  side  slopes,  drains  formed  of  layers  of  fascines,  or 
brush- wood,  may  be  placed  to  give  an  outlet  to  the  water, 
and  prevent  its  action  upon  the  side  slopes.  The  fascines 
may  be  covered  on  top  with  good  sods  laid  with  the  grass 
side  beneath,  and  the  excavation  made  to  place  the  drain 
be  filled  in  with  good  earth  well  rammed.  Drains  formed 
of  broken  stone^  covered  in  like  manner  on  top  with  a 
layer  of  sod^to  prevent  the  drain  from  becoming  dioked 
with  earth,  may  be  used  under  the  samft  (>irniiTnRf.a.TiP.fi«  as 
fascine  drains.     Where  the  sources  are  not  isolated,  and 
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the  whole  mass  of  the  soil  forming  the  side  slopes  appears 
saturated,  the  drainage  ma^g_Jbe_effected  by  excavating 
trenches  a  few  feet jwide  at  intervab  to  the  depth  of  some 
feet  intothe  side  slopes,  and  filling  them  with  broken 
stone,  or  else  a  general  drain  of  broken  stone  may  be  made 
throughout  the  whole  extent  of  the  side  slope  by  excava- 
ting into  it.  When  this  is  deemed  necessary,  it  will  be 
well  to  arrange  the  drain  like  an  inclined  retaining- wall, 
with  buttresses  at  intervals  projecting  into  the  earth 
further  than  the  general  mass  of  the  drain.  The  front 
face  of  the  drain  should,  in  this^ase^  also  Jbe  covered  with 
^X  layer  of  sods  with  the  grass  side  beneath,  and  upon  this 
*ir  layer  of  good  earth  should  be  compactiiy  laid  Jo  form  the 
face  of  the  side  slopes.  The  drain  need  only  be  gamed 
high  enough  above  the  foot  of  the  side  slope  to  tap  all  the 
sources ;  and  it  should  be  sunk  sufficiently  below  the  road-^ 
way  surface  to  give  it  a  secure  footing. 

The  dr^nage  has  been  effected,  in  some  cases,  by  sink- 
ing wells  or  shafts  at  some  distance  behind  the  side  slopes, 
from  the  top  surface  to  the  level  of  the  bottom  of  the  ex- 
cavation, and  leading  the  water  which  collects  in  them,  by 
pipes,  into  drains  at  the  foot  of  the  side  slopes.  In  others, 
a  narrow  trench  has  been  excavated,  parallel  to  the  axis  of 
the  road,  trom  the  top  surface  to  a  sufficient  depth  to  tap 
all ^e  sources~which  flow  towarcts  the  side"sIope,^^d-a- 


dr^  formed  either^by  filling  the  trench  wholly  with 
broken  stone,  or  else  by  arranging  an  open  conduit  at  the 
bottom  to  receive  the  water  collected,  over  which  a  layer 
oTbrush-wood  is  laid,  the  remainder  of  the  trench  being 
filled  with  broken  stone."  * 

In  some  instances,  the  side  slopes  of  very  bad  soils 
have  been  secured  by  a  facing  of  brick  arranged  in  a 
manner  very  similar  to  the  method  resorted  to  for  securing 
the  perpendicular  sides  of  narrow  deep  trenches  by  a 
timber-facing.    The  plan  pursued  is,  to  place,  at  intervals 

*  **  A  Treatise  on  Civil  Engineering,"  by  D.  H.  Mahan,  2nd  edition, 
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along  the  ezeayation,  Btrong  buttresses  of  brick  on  each 
side,  opposite  to  each  other,  and  to  connect  them  at  bottom 
by  a  reversed  arch.  Between  these  buttresses  are  placed, 
at  suitable  heights,  one  or  more  brick  beams,  formed  at 
bottom  with  a  flat  segment  arch,  and  at  top  with  a  like 
arch  inverted.  The  buttresses,  secured  in  this  way,  serve 
as  piers  for  vertical  cylindrical  arches,  which  form  the 
facing  and  support  the  pressure  of  the  earth  between  tho 
buttresses. 

"  In  forming  the  embankmentsjhe  side  slopes  should  be 
made  with  a  greater  inclination  than  that  which  the  earth 
naturally  assumes ;  for  the  purpose  of  giving  them  greater 
durability,  and  to  prevent  the  width  of  the  top  surface, 
along  which  the  roadway  is  made,  from  diminishing  by 
every  change  in  the  side  slopes,  as  it  would  were  they 
made  with  the  natural  slope.  To  protect  the  side  slopes 
more  effectually,  they  should  be  sodded,  or  sown  in 
grass  seed;  ftTid^^tKftjJiirfacQ-water  of  the  top  should 
T\nh  hfl  Rl,1ow<?d  to  run  dowp  thftnij  n.«  it  wmi1r1  annn 
washtiLem  into  gullies,  and  destroy  the  ftmbftnlrnnnnt. 
In  localities  where  stpne  is  plentiful^  a  sustaining  wall  of 
d:^^  stone  may  be  advtmtageously  substituted  for  the  side, 
slope§;__ 

**To  prevent,  as  far  as  possible,  the  settling  which  takes 
place  in  embankments,  they  should  be  formed  with  great 
care ;  the  earth  being  laid  in  successive  layers  of  about 
four  feet  in  thickness,  and  each  layer  weU  settled  with 
rammers.  As  this  method  is  very  expensive,  it  is  seldom 
resorted  to  except  in  works  which  require  great  care,  and 
are  of  trifling  extent.  For  extensive  works,  the  method 
usually  followed,  on  account  of  economy,  is  to  embank  out 
from  one  end,  carrying  forward  the  work  on  a  level  with 
the  top  surface.  In  this  case,  as  there  must  be  a  wont  of 
compactness  in  the  mass,  it  would  be  best  to  form  the 
outsides  of  the  embankment  first,  and  to  gradually  fill  in 
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towards  the  centre,  in  order  that  the  earth  may  arrange 
itself  in  layers  with  a  dip  firom  the  sides  inwards; 
this  will  in  a  great  measure  counteract  any  tendency  to 
slips  outward.  The  foot  of  the  slopes  should  be  secured 
by  buttressing  them  either  by  a  low  stone  wall,  or  by 
forming  a  slight  excavation  for  the  same  purpose.'** 
''In  some  cases  surface  drains,  termed^ ^ffM-tff^^-^  drAJfut^ 
are  made  on  the  side  slopes  of  cuttingSj  They  are  run  up 
obliquely  along  the  surface,  and  empty  directly  into  the 
cross  drains  which  convey  the  water  into  the  natural  water- 


courses. 


^*.  W^en^  the  roadway  is  in  side-forming,  cross  drains  of 

i  '^he  ordinary  fonn  of  cidverts  are  made,  to  convey  the 
water  from  the  side  channels  and  the  covered  drains  into 
the  natur^  water-courses.  They  should  be  of  sufficient 
dimepsions  to  convey  off  a  large  volume  of  water,  and  to 
^  ,  admU  a  man  to  pass  through  them^  so  that  they  may  be 
readilycleajedout.  or  even  repaired,  without  breaking  up 
the  roadway  over  them. 

The  only  drains  required  for  embankments  are  the  ordi- 

n^VSldej?hanilft1fi  nf  tho  rn»flwRyj  Wlf,h  0rnnair>Tig1   nnly^yt^ 

t0_C0nvey   the  watftr  from   thftm   into   thfl  natiiml   -ff-atftr-^ 

courses.  Great  care  should  be  taken  to  prevent  the  sur- 
face-water  from  running  down  the  side  slopes,  as  they 
would  soon  be  washed  into  gullies  by  it. 
''When  the  axis  of  the  roadway  is  laid  out  on  the  side 
slope  of  a  hill,  and  the  road-surface  is  formed  partly  by 
excavating  and  partly  by  embanking  out,  the  usual  and 
most  simple  method  is  to  extend  out  the  embankment 
gradually  along  the  whole  line  of  excavation.  This  method 
is  insecure,  and  no  pains  therefore  should  be  spared  to  give 
the  embcoikment  a  good  footing  on  the  natural  surface 
upon  which  it  rests,  particularly  at  the  foot  of  the  slope. 
For  this  purpose  the  natural  surface  should  be  cut  into 
steps,  or  offisets,  and  the  foot  of  the  slope  be  secured  by 

•  *' A  Tr.Jatise  on  Civil  EngineeriDg,"  by  D.  H.  Mahan,  2nd  edition, 
Dafire  414. 
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buttressing  it  against  a  low  stone  wall,  or  a  small  terrace 
of  carefully  rammed  earth. 

^^In  side-formings  along  a  natural  surface  nf  ^flp.t,_iiLcii-, 
(n^joq.  the  method  of  construction  just  explained  will  not 
be  sufficiently  secure ;  sustaining-walls  must  be  substituted 
far  f.hq  piflft  slopes,  bo^  of  the  excavations  and  embank- 
ments.  These  walls  may  be  made  simply  of  dry  stone, 
when  the  stone  can  be  procured  in  blocks  of  sufficient  size 
to  render  this  kind  of  construction  of  sufficient  stability  to 
resist  the  pressure  of  the  earth.  But  when  the  blocks  of 
stone  do  not  offer  this  security,  they  must  be  laid  in  mortar, 
and  hydraulic  mortar  is  the  only  kind  which  will  form  a 
safe  construction.  The  wall  which  supplies  the  slope  of 
theexcavation  should  be  carried  up  as  high  as  the  natural 
surface  of  the  ground ;  the  one  that  .sustains  the  embank- 
ment should  be  built  up  to  the  surface  of  the  roadway;  and 
a  parapet-wall  should  be  raised  upon  it,  to  secure  vehicles 
&om  accidents  in  deviating  from  the  line  of  the  roadway. 
A  road  may  be  constructed  partly  in  excavation  and 
partly  in  embankment  along  a  rocky  ledge,  by  blasting  the 
rock,  when  the  inclination  of  the  natural  surface  is  not 
greater  than  one  perpendicular  to  two  base ;  but  with 
a  greater  inclination  than  this,  the  whole  should  be  in 
excavation. 

'^  There  are  examples  of  road  constructions,  in  localities 
like  the  last,  supported  on  a  frame-work,  consisting  of 
horizontal  pieces,  which  are  firmly  fixed  at  one  end  by 
being  let  into  holes  drilled  in  the  rock,  and  are  sustained 
at  the  other  by  an  inclined  strut  underneath,  which  rests 
against  the  rock  in  a  shoulder  formed  to  receive  it. 

**When  the  excavations  do  not  furnish  sufficient  earth  for 
the  embankments,  it  is  obtained  from  excavations  termed 
side-cutttnffSy  made  at  some  place  in  the  vicinity  of  the 
embankment,  from  which  the  earth  can  be  obtained  with 
the  most  economy. 
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**li  the  excavations  furnish  more  earth  than  is  reqtiired 
for  the  embankment,  it  is  deposited  in  what. is  termed. a 
spoil-hank,  on  the  side  of  the  excavation.  The  spoil-bank 
should  be~made  at  some  distance  back  from  the  side  slope 
of  the  excavation,  and  on  the  down-hill  side  of  the  top- 


sTirface ;  and  suitable  drains  should  be  arranged  to  carry 
oS  any  water  that  might  collect  near  it  and  affect  the  side 


slope  of  the  excavation. 

^^The  forms  to  be  given  to  side-cuttings  and  spoil-banks 
will  depend,  in  a  great  degree^  upon  the  locality;  they 
should,  as^j  as  practicable,  be  such  that  the  cost  of 
removal  of  the  earth  shall  bo  the  least  possible."  » 

*  ''A  Treatise  on  Ciyil  Engineeiing,*'  \>j  D.  H.  Malian,  2nd  edition, 
page  416. 


CHAPTEE  m. 

RESISTANCE  TO  TKACTION  ON  COMMON  ROADS. 

The  following  are  the  general  results  of  the  experiments 
made  by  M.  Morin  upon  the  resistance  to  the  traction  of 
vehicles  on  common  roads : — 

Ist.  The  resistance  td  traction  is  directly  proportional 
to  the  load,  and  inversely  proportional  to  the  diameter  of 
the  wheel. 

2nd.  Upon  a  paved  or  a  hard  macadamized  road  the 
resistance  is  independent  of  the  width  of  the  tire,  when 
this  quantity  exceeds  from  3  to  4  inches. 

3rd.  At  a  walking  pace,  the  resistance  to  traction  is  the 
same,  under  the  same  circumstances,  for  carriages  with 
springs  and  for  carriages  without  springs. 

4th.  Upon  hard  macadamized  roads  and  upon  paved 
roads,  the  resistance  to  traction  increases  with  the  velocity: 
the  increments  of  traction  being  directly  proportional  to 
the  increments  of  velocity  above  the  velocity  3*28  feet  per 
second,  or  about  2J  miles  per  hour.  The  equal  increments 
of  traction  thus  due  to  equal  increments  of  velocity,  are 
less  as  the  road  is  smoother,  and  as  the  carriage  is  less 
rigid  or  better  hung. 

5th.  Upon  soft  roads,  of  earth,  or  sand  or  turf,  or  roads 
fresh  and  thickly  gravelled,  the  resistance  to  traction  is 
independent  of  the  velocity. 

6th.  Upon  a  well-made  and  compact  pavement  of  hewn 
stones,  the  resistance  to  traction  at  a  walking  pace  is  not 
more  than  three-fourths  of  the  resistance  upon  the  best 
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macadamized  roads,  under  similar  circumstances.  At  a 
trotting  pace,  the  resistances  are  equal. 

7tli.  The  destruction  of  the  road  is,  in  all  cases,  greater 
as  the  diameters  of  the  wheels  are  less,  and  it  is  greater 
in  carriages  without  than  with  springs. 

The  next  experiments  which  may  be  quoted,  are  those  of 
Sir  John  Macneil,*  made  with  an  instrument  invented  by 
him  for  the  purpose  of  measuring  the  tractive  force  required 
on  different  descriptions  of  road,  to  draw  a  wagon  weigh- 
ing 21  cwt.,  at  a  very  low  velocity.  The  general  results 
which  he  obtained  are  given  in  the  following  table : — 

Table  No.  3. — ^Eesultb  op  Traction  Sobce  to  d&aw  21  Cwt.  on 

A  Leyel. 
(Sir  John  MacneiL) 


Dcflcription  of  road. 


Total  trao 
five  foi-ce. 


1.  On  a  well-made  pavement.  • . . .  • 

2.  On  a  road  made  with  six  inches  of  broken  \ 

stone  of  great  hardnc-ss,  laid  either  on  a  f 
foundation  of  large  stones,  set  in  the  form  of  ( 
apavement,  or  upon  a  bottoming  of  concrete  / 

3.  On  an  old  flint  road,  or  a  road  made  with  a  ) 

thick  coating  of  broken  stone  laid  on  earth  ) 

4.  On  a  road  made  with  a  thick  coating  of  \ 

gravel  laid  on  earth  ) 


lbs. 
33 


46 
65 

147 


Trac'ive 

force  i)er 

ton. 


lbs. 
31-4 


44 

62 

140 


Sir  John  Macneil  has  also  given  the  following  arbitrary 
formula),!  for  calculating  the  resistance  to  traction  on  level 
roads  of  various  kinds.  They  have  been  deduced  from  a 
considerable  number  of  experiments  made  on  the  different 
kinds  of  road  specified  below,  with  carriages  moving  at 
various  velocities.  Putting  b  for  the  force  required  to 
move  the  carriage,  w  the  weight  of  the  carriage,  w  that  of 
the  load,  all  expressed  in  pounds,  v  the  velocity  in  feet  per 
second,  and  c  a  constant  number,  which  depends  upon  the 
*  Sir  n.  Pamell  on  Roads,  p.  73.  f  Ibid.,  p.  464.. 
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nature  of  the  surface  over  wHch  the  carriage  is  drawn, 

and  the  value  of  which  for  several  different  kinds  of  road 

Is  as  follows : — 

On  a  timber  surface            .            .            .            .  .  «  ■■  2 

On  a  paved  road     .            .            .            .            .  .  ^  2 

On  a  well-made  broken  stone  road,  in  a  dry  clean  state  .  „  5 

On  a  well-made  broken  stone  road,  covered  with  dust  .  „  8 

On  a  well-made  broken  stone  road,  wet  and  muddy  .  „  10 

On  a  gravel  or  flint  road,  in  a  dry  clean  state       .  .  ,y  13 

On  a  gravel  or  flint  road,  in  a  wet  and  muddy  state  .  „  32 

Stage  wagon,  B=—^ \.  ^  +  cv     .     .     .    (1.) 

Stage  coach,   b  =  ^^  "^  ^  +  ^*     *     '     *    (^'^ 

BuLE  1. — Divide  the  gross  weight  of  the  carriage  when 
loaded,  in  pounds,  by  93  if  a  wagon,  or  by  100  if  a  coach, 
and  to  the  quotient  add  one-fortieth  of  the  weight  of  the 
load  only ;  to  the  sum,  add  the  product  of  the  velocity  in 
feet  per  second,  by  the  proper  constant  for  the  particular 
kind  of  road.  The  sum  is  the  force  in  pounds  required  to 
draw  the  carriage  at  the  given  velocity  upon  that  descrip- 
tion of  road. 

For  example :  What  force  would  be  requisite  to  move  a 
stage-coach  weighing  2,060  lbs.,  and  having  a  load  of 
1,100  lbs.,  at  a  velocity  of  9  ft.  per  second,  along  a  broken- 
stone  road  covered  with  dust  ?    By  the  rule, 

2060^+1100  +  1100  +  (8  X  9)=181.1  lbs. 
100  40 

the  force  required. 

To  consider,  next,  the  additional  resistance  which*  is 
occasioned  when  the  road,  instead  of  being  level,  is  inclined 
against  the  load,  in  a  greater  or  less  degree.  In  order  to 
simplify  the  question,  suppose  the  whole  weight  to  be 
supported  on  one  pair  of  wheels,  and  that  the  tractive 
force  is  applied  in  a  direction  parallel  to  the  surface  of  the 
road.     Let  a  b,  Fig.  21,  represent  a  portion  of  an  inclined 
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road,  0  being  a  carriage  just  sustained  in  its  position  by  a 
force  acting  in  the  direction  c  d.     The  carriage  is  kept  in 
position  by  three  forces,  namely,    jj       d 
by  its  own  weight  w,  acting  in  the 
vertical  direction  c  f,  by  the  force 
F,  applied  in  the  direction  c  d  pa- 
rallel to  the  surface  of  the  road, 
and  by  the  pressure  p,  which  is 
exerted  by  the  carriage  against  g" 

the  surface  of  the  road  acting  in    Kg.  21.— Gravity  an  an  inclmed 

the   direction  c  e,   perpendicular  ^^^^' 

to  the  surface.  To  determine  the  relative  magnitude 
of  these  three  forces,  draw  the  horizontal  line  a  g,  and 
the  vertical  line  bg;  then,  since  the  two  lines  cf  and 
B  G  are  parallel,  and  are  both  cut  by  the  line  a  b,  they 
must  make  the  two  angles  c  f  b  and  a  b  g  equal ;  also  the 
two  angles  c  e  f  and  A  g  b  are  equal,  being  both  right 
angles ;  therefore  the  remaining  angles  foe  and  bag  are 
equal,  and  the  two  triangles  0  f  e  and  a  b  g  are  similar. 
And  as  the  three  sides  of  the  triangle  c  f  e  are  proportional 
to  the  three  forces  by  which  the  carriage  is  sustained,  so 
also  are  the  three  sides  of  the  triangle  a  b  g  ;  that  is  to 
say,  A  B,  or  the  length  of  the  road  is  proportional  to  w,  or 
the  weight  of  the  carriage ;  b  g,  or  the  vertical  rise  is  pro- 
portional to  F,  or  the  force  required  to  sustfdn  the  carriage 
on  the  incline ;  and  a  g,  or  the  horizontal  distance  for  the 
rise  is  proportional  to  p,  or  the  force  with  which  the  car- 
riage presses  upon  the  surface  of  the  road. 
Therefore, 

w  :  a  B  ;  :  p  :   o  b, 

and  w   !    A  b    :   :    p    :     AG, 

And  if  A  G  be  made  of  such  a  length  that  the  vertical 

rise,  b  g,  of  the  road,  is  exactly  one  foot,  then, — 

w  w 

F  =  ^ —  =      ,  =  Yf ,  sia  8    .     .     .    (8.) 

AB  ii/AG»  +   1  ^  ^     ^ 
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andP  =  ?LL?L?=-^L;i^  =  w.cosi8    .    .     .    (4.) 

in  whicli  p  is  the  angle  bag. 
These  formuleB  reduced  to  verbal  rules  are  as  follows : — 
EuLE  2. — To  find  the  force  requisite  to  sustain  a  carriage 
upon  an  inclined  road  {the  effects  of  friction  being  neglected) , 
divide  the  weight  of  the  carriage,  including  its  load,  by 
the  inclined  length  of  the  road,  the  vertical  rise  of  which  is 

one  foot,  and  the  quotient  is  the  force  required. 

Rule  3.  — To  find  the  pressure  of  a  carriage  against  the  sur- 
face of  an  inclined  road,  multiply  the  weight  of  the  loaded 
carriage  by  the  horizontal  length  of  the  road,  and  divide 
the  product  by  the  inclined  length  of  the  same;  the  quo» 
tient  is  the  pressure  required. 

Example, — ^What  is  the  force  required  to  sustain  a  car- 
riage weighing  3,270  lbs.  upon  a  road,  tlie  inclination  of 
which  is  one  in  thirty,  and  what  is  the  pressure  of  the 
carriage  upon  the  surface  of  the  road  ? 

Here  the  horizontal  length  of  the  road,  A  o,  being  equal 
to  30,  for  a  rise  of  1  foot,  the  inclined  length,  a  b  = 
Va  G*  +  1  =  30-017,  and  by  the  first  rule,  3,270  -f-  30017 
=  108*93  lbs.  for  the  force  required  to  sustain  the  carriage 
on  the  road. 

By  the  second  rule,  3,270  x  30  -h  30017  =  3,269*9  lbs., 
the  pressure  of  the  carriage  upon  the  surface  of  the  road. 

Since  the  pressure  of  a  carriage  on  a  sloping  road  is 
found  by  multiplying  its  weight  by  the  horizontal  length 
of  the  road  and  dividing  by  the  inclined  length,  and  as  the 
former  is  always  less  than  the  latter,  it  follows  that  the 
force  with  which  a  carriage  bears  upon  an  inclined  road  is 
less  than  its  actual  weight.  In  the  foregoing  example,  it 
is  about  two  poimds  less;  but,  unless  the  inclination  is 
very  steep,  it  is  not  necessary  to  distinguish  the  difference 
of  2>ressure,  as  the  pressure  may  be  assumed  to  be  equal 
to  the  weight  of  the  carriage. 
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If  the  resistance  which  is  to  bo  overcome  in  moving  a 
carriage,  at  a  given  rate,  upon  a  horizontal  road,  he  ex- 
pressed by  R,  then  r  -|-  f  is  the  resistance  in  ascending  a 
hill,  and  r  —  f  descending  a  hill,  with  the  same  velocity ; 
neglecting  the  decrease  in  the  weight  of  the  carriage  pro- 
duced by  the  inclination  of  the  road.  Taking,  however, 
this  decrease  into  consideration,  the  following  modification 
in  the  formulee  (1.)  and  (2.)  will  be  requisite  to  adapt 
them  to  an  inclined  road : — 

R    =     (^--%3^) .  cos  ^  T  (w  -I-  IP)  .  sin  ^  -h  c  v  .  (5.) 

in  the  case  of  a  common  stage  wagon ;  and  in  that  of  a 
stage  coach, 

^  ~  (TSS^'^+is)  •  <508  )3  T  (w  +  w)  .  sin  ^  +  c  r  .  (6.), 

the  upper  sign  being  taken  when  the  vehicle  is  drawn  down 
the  incline,  and  the  lower  when  it  is  drawn  up  the  same. 

To  ascertain  the  resistance  in  passing  up  or  down  a  hill, 
therefore,  the  resistance  on  a  level  road  is  first  to  be  calcu- 
lated, by  Bule  1,  page  53.  To  this  is  to  be  added  the  force 
necessary  to  sustain  the  carriage  on  the  incline,  in  ascending, 
calculated  by  Bule  2,  page  55  ;  or,  in  descending,  the  same 
force  is  to  be  subtracted  from  the  resistance  on  a  level. 

As  an  example,  take,  as  before,  the  case  of  a  stage  coach 
weighing  2,060  lbs.,  besides  a  load  of  1,100  lbs.,  at  a  velo- 
city of  9  ft.  per  second,  up  a  broken  stone  road  of  which 
the  surface  is  covered  with  dust,  and  which  is  inclined  at 
the  rate  of  one  in  thirty. 

The  force  to  sustain  the  coach  on  this  slope  is,  by  Bule  2, 

^  =  105-8  lbs. 

Adding  this  force  to  the  force  already  found  at  page  53, 
requisite  to  move  the  same  coach  on  a  level  road,  the  sum 
is  (105-3  +  131-1  =)  236-4  lbs.,  for  the  force  required  io 
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move  the  cuacli  with  a  velocity  of  9  ft.  per  second  up  the 
inclined  road  of  one  in  thirty.  To  draw  the  cxDach  down  the 
same  incline,  at  the  same  velocity,  the  resulting  force  re- 
quired is  the  difference  of  the  two  forces  already  found,  or 
it  is  (13M  -  105-3=)  25-8  lb. 

The  same  example  worked  by  formula  (6)  will  give 

/2060  +  1100\ 

( jqq ;  -9995  +  (2060  +  1100)  -0333  +(8x9) 

s=  236*3  lbs,  when  the  carriage  is  drawn  up  the  incline ; 
and 

^2060^M100J  '9995  -  (2060  +  1100)  -0833  +  (8x9) 

=r  25-84  lbs.,  when  the  carriage  is  drawn  down  the  incline, 
the  result  being  the  same  as  that  given  by  the  rule. 

The  following  table  has  been  calculated  in  order  to  show, 
with  sufficient  exactness  for  most  practical  purposes,  the 
force  required  to  draw  carriages  over  inclined  roads,  and 
the  comparative  advantage  of  such  roads  and  those  which 
are  perfectly  level.  The  first  column  expresses  the  rate 
of.  inclination,  and  the  second  the  equivalent  angle ;  the 
two  next  colimins  contain  the  force  requisite  to  draw  a 
common  stage  wagon  weighing  with  its  load  6  tons,  at  a 
velocity  of  4*4  ft.  per  second  (or  3  miles  per  hour)  along  a 
macadamized  road  in  its  usual  state,  both  when  ascending 
and  descending  the  hill ;  the  fifth  and  sixth  columns  con- 
tain the  length  of  level  road  which  would  be  equivalent  to 
a  mile  in  length  of  the  inclined  road,  that  is,  the  length  of 
level  road  which  would  require  the  same  mechanical  work 
to  be  expended  in  drawing  the  wagon  over  it,  as  would 
be  necessary  to  draw  the  wagon  over  a  mile  of  the  in- 
clined road.  ^  The  next  four  columns  contain  the  same 
information  as  the  four  just  described,  with  reference  to  a 
stage  coach  supposed  to  weigh  with  its  load  3  tons,  and  to 
travel  at  the  rate  of  8*8  ft.  per  second,  or  6  miles  per  hour. 
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8761 

„  140 

0  24  33 

360 

168 

■6360 

410 

314 

1132 

■8673 

„  130 

0  26  27 

3H7 

160 

1-393 

■6079 

413 

310 

1-142 

■8673 

1.  120 

0  29  39 

376 

162 

1-425 

■6762 

418 

306 

1-164 

'8461 

„  110 

0  31  16 

386 

112 

1-461 

■6401 

423 

300 

'8308 

„  100 

0  34  23 

3D8 

129 

1-610 

■4903 

429 

294 

1-185 

■8142 

„    95 

0  86  11 

405 

122 

1-637 

-4634 

432 

291 

1-195 

'8046 

„    90 

0  38  12 

413 

114 

1-606 

■4338 

438 

287 

1-206 

■7937 

„    85 

0  40  27 

422 

106 

1-600 

■4004  ,.  441 

232 

1-219 

'7801 

»    80 

0  42  63 

432 

86 

1637 

-3629 

44S 

278 

1-232 

■7677 
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1-850 

-1505 

474 

250 

1-309 

-6903 

9 

1-926 

■0736 

481 

239 

1-337 

-6620 

2-019 

496 

227 

1-371 

'6283 

2-133 

511 

212 

1-412 

■5871 

2-274 

630 

191 

1464 

-6354 

2-456 

654 

170 

1-630 

-4690 

2-499 

659 

164 

1546 

■4536 

2-644 

666 

158 

1-662 

■4370 

2'593 

672 

152 

1-580 

■4193 

2-644 

678 

146 

1-599 

■4007 

2'699 

686 

1-619 

■3806 

2'758 

693 

130 

1-640 

■3892 

2-820 

602 

122 

1-663 

-3363 

610 

113 

-3119 

2-960 

620 

103 

1-714 

-2864 

630 

93 

1-743 

■2566 

3-120 

641 

82 

1--74 

■2257 

3-213 

663 

69 

1-808 

■1919 

8-313 

66 

l-8« 

'1554 
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681 

1-884 

-1160 

3-638 

60G 

26 

1-926 

-0730 

3-677 

714 

8 

1-977 

-0221 

3-826 

734 

2-032 

3-991 

756 

2-092 

4-178 

780 

2-160 

4-38S 

807 

2-231 

4-629 

839 

2-322 

4-906 

875 

2-423 

6-229 

918 

2-540 

6-6U 

968 

2-679 

6067 

1028 

2-8  J  6 

6-623 

1101 

3-0^8 

7-315 

1192 

3-300 

- 

8-199 

— 

1308 

~ 

3-621 
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The  foregoing  table  may  be  considered  as  affording  a 
view  of  the  comparative  disadvantage  of  hilly  roads  with 
light  and  heavy  traflB.c ;  the  stage  wagon  weighing  6  tons 
and  travelling  at  the  speed  of  3  miles  per  hour,  may  be 
taken  as  a  fair  average  for  goods  traffic,  and  the  stage 
coach,  weighing  3  tons  and  running  6  miles  an  hour,  for 
passenger  traffic.  It  is  shown  that  the  resistance  on  hills 
is  much  more  imfavourable  to  the  wagon  than  to  the 
coach.  The  force  which  would  be  requisite  to  move  the 
wagon  on  a  level  road  would  be  264  lbs.,  and  that  to 
move  the  coach  362  lbs.,  being  an  excess  of  98  lbs.  for  the 
traction  of  the  coach.  But,  with  a  road  inclined  at  the 
rate  of  1  in  600,  this  excess  is  only  (373  —  286  :=)  87  lbs. ; 
and  when  the  inclination  of  the  road  amounts  to  about 
1  in  70,  the  forces  required  to  draw  them  become  equal. 
As  the  inclination  of  the  road  increases  beyond  this,  the 
excess  of  force  requisite  to  draw  the  waggon  over  that 
necessary  to  move  the  coach,  increases  rapidly  imtil,  at  au 
inclination  of  1  in  7,  it  amounts  to  (2162  —  1308  =) 
854  lbs. 

Comparing  the  forces  required  to  draw  either  the  wagon 
or  the  coach  up  and  down  any  given  incline,  the  former  is 
as  much  greater  than  the  force  required  on  a  level  road  as 
the  latter  is  less.  It  might  thence  be  concluded  that,  when 
a  vehicle  passes  alternately  each  way  along  the  road,  no 
real  loss  is  occasioned  by  the  inclination  of  the  road,  since 
as  much  power  is  gained  in  the  descent  of  the  hill  as  is  lost 
in  its  ascent.  Such  is  not,  however,  practically  the  fact, 
for  whilst  it  is  necessary  in  the  ascending  journey  to  have 
either  a  greater  number  of  horses,  or  more  powerful  horses, 
than  would  be  requisite  if  the  road  were  entirely  level,  no 
corresponding  reduction  can  be  made  in  the  descending 
journey.  There  must  be  horses  sufficient  to  draw  the  vehicle 
along  the  level  portions  of  the  road ;  nor,  generally  speak- 
ing, have  the  horses  less  to  do  in  descending  the  hill; 
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since  they  frequently  are  required  to  pusli  back,  to  prevent 
the  speed  of  the  coach  from  being  accelerated  to  a  rate 
beyond  the  limits  of  safety. 

In  a  practical  sense,  therefore,  it  may  be  considered  that 
the  fifth  and  ninth  columns  in  the  foregoing  table  express 
the  length  of  level  road  which  would  be  equivalent  to  a 
mile  of  road  with  the  stated  inclination,  the  fifth  giving 
the  result  for  heavy  trafiic,  and  the  ninth  for  passenger 
traffic.  For  instance,  against  the  incline  1  in  75,  there  is 
a  length  of  1*247  miles,  or  about  a  mile  and  a  quarter,  in 
the  ninth  column,  given  as  the  equivalent  length  of  level 
road  for  1  mile  of  ascent  on  the  incline,  in  the  sense  that 
the  same  quantity  of  work  of  traction  would  be  requisite 
to  move  a  coach  of  3  tons,  at  a  velocity  of  6  miles  per  hour, 
along  one  as  along  the  other.  But,  in  other  respects,  the 
incline  might  be  more  advantageous  than  the  level;  for 
instance,  the  shorter  road  would  cost  less  for  repair,  and 
would  be  passed  over  in  less  time.  The  table,  therefore, 
merely  expresses  the  equivalent  length  as  far  as  the 
mechanical  work  required  for  the  traction  is  concerned. 

From  the  results  of  Sir  John  Macneil's  experiments  on 
tractional  resistance,  page  52  ante.  Professor  Mahan  de- 
duces "that  the  angle  of  repose  in  the  first  case  is  repre- 
sented by -^a^i^i  or  1  in  71*34  nearly;  and  that  the  slope 
of  the  road  should  therefore  not  be  greater  than  one  per- 
pendicular to  71*34  in  length;  or  that  the  height  to  be 
ascended  must  not  be  greater  than  one  seventy-first  part 
of  the  distance  between  the  two  points  measured  along 
the  road,  in  order  that  the  force  of  friction  may  counteract 
that  of  gravity  in  the  descent  of  the  road. 

"  A  similar  calculation  will  show  that  the  angle  of  repose 
in  the  other  cases  will  be  as  follows : — 

No.  2f        .         .        .     1  to  50*9  nearly. 
„    3,         .         .        .     1  to  361       „ 
II    4,  .         •         .      1  to  16       91 
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'*  These  numbers,  which  give  the  angle  of  repose  between 
1  in  36-1  and  1  in  50*9  for  the  kinds  of   road-covering, 
Nos.  3  and  2,  in  most  ordinary  use,  and  corresponding  to  a 
road-surface  in  good  order,  may  be  somewhat  increased, 
to  from  1  in  28  to  1  in  33,  for  the-  ordinary  state  of  the 
surface  of  a  well-kept  road,  without  there  being  any  neces- 
sity for  applying  a  brake  to  the  wheels  in  descending,  or 
going  out  of  a  trot  in  ascending.     The  steepest  gradient 
that  can  be  allowed  on  roads  with  a  broken-stone  covering 
is  about  1  in  20,  as  this,  from  experience,  is  found  to  be 
about  the  angle  of  repose  upon  roads  of  this  character  in 
the  state  in  which  they  are  usually  kept.     Upon  a  road 
with  this  inclination,  a  horse  can  draw,  at  a  walk,  his  usual 
load  for  a  level  without  requiring  the  assistance  of  an 
extra  horse;   and  experience  has  further  shown  that  a 
horse  at  the  usual  walking  pace  will  attain,  with  less 
apparent  fatigue,  the  summit  of  a  gradient  of  1  in  20  in 
nearly  the  same  time  that  he  would  require  to  reach  the 
same  point  on  a  trot  over  a  gradient  of  1  in  33. 
''A  road  on  a  dead  level,  or  one  with  a  continued  and 
uniform  ascent  between  the  points  of  arrival  and  departure, 
where  they  lie  upon  different  levels,  is  not  the  most  favour- 
able to  the  draft  of  the  horse.    Each  of  these  seems  to 
fatigue  him  more  than  a  line  of  alternate  ascents  and 
descents  of  slight  gradients ;  as,  for  example,  gradients  of 
1  in  100,  upon  which  a  horse  will  draw  as  heavy  a  load 
with  the  same  speed  as  upon  a  horizontal  road. 
''The  gradients  should  in  all  cases  be  reduced  as  far  as 
practicable,  as  the  extra  exertion  that  a  horse  must  put 
forth  in  overcoming  heavy  gradients  is  very  considerable ; 
they  should,  as  a  general  rule,  therefore,  be  kept  as  low  at 
least  as  1  in  33,  wherever  the  ground  will  admit  of  it. 
This  can  generally  be  effected,  even  in  ascending  steep 
hill-sides,  by  giving  the  axis  of  the  road  a  zig-zag  direc- 
tion^ connecting  the  straight  portions  of  the  zig-zags  by 
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circular  arcs.  The  gradients  of  the  cuiTed  portions  of  the 
zig-zags  should  be  reduced,  and  the  roadway  also  at  these 
points  should  be  widened,  for  the  safety  of  vehicles  descend* 
ing  rapidly.  The  width  of  the  road  may  be  increased  about 
one-fourth,  when  the  angle  between  the  straight  portions 
of  the  ziz-zags  is  from  120^  to  90^ ;  and  the  increase  should 
be  nearly  one-half  where  the  angle  is  from  90°  to  60®."* 

Note  by  the  Editob. — Sir  John  Macneil,  in  1836, 
maintained  that  no  road  was  perfect  unless  its  gradients 
were  equal  to  or  less  than  1  in  40.  In  thus  limiting  the 
ruling  gradient  to  1  in  40,  he  justifies  the  assertion  by 
the  much  greater  outlay  for  repair  on  roads  of  steeper 
gradients.  For  instauce,  he  adduces  as  a  fact  not  generally 
known,  that  if  a  road  has  no  greater  inclinations  than 
1  in  40,  there  is  20  per  cent,  less  cost  for  maintenance  than 
for  a  road  having  an  inclination  of  1  in  20.  The  additional 
cost  is  due  not  only  to  the  greater  injury  by  the  action  of 
horses'  feet  on  the  steeper  incline,  which  has  already  been 
noticed,  but  also  to  the  greater  wear  of  the  road  by  the 
more  frequent  necessity  for  sledging  or  braking  the  wheels 
of  vehicles  in  descending  the  steeper  portions. 

Professor  Mahan,  it  has  been  seen,  page  62,  recom- 
mends, as  a  general  rule,  that  the  gradients  should  be 
kept  as  low  as  1  in  33;  whilst  M.  Dumas,  engineer-in- 
chief  of  the  French  Fonts  et  Chaussees,  writing  in  1843,t 
recommended,  as  a  maximimi  rate  of  inclination,  1  in  60 ; 
for,  he  says,  '^not  only  are  the  surfaces  of  steeply-inclined 
roads  subjected  to  abrasion  by  the  feet  of  horses  clambering 
up  the  hill,  but,  in  the  intervals  of  rest,  loose  stones  are 
placed  as  props  behind  the  wheels  of  vehicles,  which  are 
usually  allowed  to  remain  where  they  have  been  tempo- 
rarily placed,  and  may  be  the  causes  of  serious  accidents." 

*  "A  Treatise  on  Civil  Engineering,'*  by  D.  H.  Mahan,  2nd  edition* 
page  407. 

t  '^  Annalcs  des  Ponts  et  Chaussees,"  2nd  series,  1  Semestre,   1843, 
page  343. 
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Besides,  lie  states  as  the  result  of  experience,  that  on 
broken-stone  roads,  in  perfect  condition,  the  resistance  to 
traction  is  l-50th  of  the  gross  weight,  or  45  lbs.  per 
ton,  for  which  the  angle  of  repose  is  1  in  50 ;  and  he  adds, 
with  scientific  acuteness,  "that  for  the  ascent  of  an  incline 
of  1  in  50,  the  traction  force  required  is  just  double  that 
which  is  required  on  the  level."  "Evidently, "  he  continues, 
"there  is  no  danger,  under  such  conditions,  in  making  the 
descent,  since  it  requires  but  the  slightest  effort  to  check 
the  vehicle ;  whilst,  in  ascending,  the  horses  can,  without 
trouble,  exert  double  the  customary  force  for  a  short  time." 
In  fact,  horses  can  easily  enough  surmount  gradients  of 
more  than  3  per  cent.,  or  1  in  33,  at  a  trot,  on  roads  in 
mediocre  condition. 

M.  Dupuit  recommends  for  the  maximum  gradients  of 
roads — 

For  metalled  roadi  •  .3  per  cent,  or  1  in  33 

For  pavements     .  .  .2         „  1  in  50 

It  can  but  be  observed,  upon  the  foregoing  evidence, 
that  Sir  John  Macneil's  proportion  of  1  in  40  for  the 
maximum  slopes  of  roads,  is  most  nearly  an  average  of  the 
deductions  which  have  been  cited. 

But  there  is  another  condition — the  minimum  longi- 
tudinal slope  of  a  road.  It  should  not  be  quite  level,  for 
provision  must  be  made,  by  inclining  the  road,  for  running 
off  surface-water.  The  minimum  slope  is  fixed  by  one 
authority  at  1  in  80 ;  by  another,  at  half  a  degree,  or  1  in 
115  ;  and  by  the  Corps  des  Fonts  et  Chaussees,  at  1  in  125. 

In  the  Second  Part  of  this  work,  by  the  Editor,  he  has 
given  an  analysis  of  the  Eolling  or  Circumferential  Be- 
sistance  of  Wheels. 
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ON  THE  SECTION  OF  ROADS. 

WiiERE  hills  or  gradients  are  unaToidable,  they  should  bo 
made  as  easy  as  possible ;  and,  although  a  certain  amount 
of  additional  power  must  be  required  to  draw  a  carritige 
up  a  hill,  compared  with  the  resistance  on  a  level,  yet  so 
long  as  the  inclination  is  within  a  certain  limit,  the  hilly 
road  may  be  considered  as  safe  as  a  level  road.  This  limit 
depends  upon  the  nature  and  condition  of  the  surface  of 
the  road,  and  it  is  attained  in  any  particular  case  when 
the  inclination  of  the  road  is  made  equal  to  the  limiting 
angle  of  resistance  for  the  materials  composing  its  surface ; 
that  is,  when  it  is  such  that  a  carriage  once  set  in  motion 
on  the  road,  would  just  continue  its  descent  without  any 
additional  force  being  applied.  When  this  limit  is  ex* 
ceeded,  the  carriage  descends  with  an  accelerated  velocity, 
unless  the  horses  or  other  force  be  employed  to  restrain 
it ;  and,  although,  in  such  a  case,  the  use  of  a  drag,  by 
increasing  the  resistance,  would  in  a  measure  obviate  the 
danger,  yet  the  injury  done  to  the  surface  of  the  road  by 
the  use  of  the  drag  renders  it  desirable  to  avoid  the  use  of 
it  altogetlier.  The  following  table,  taken  from  Ihe  second 
volume  of  the  "Rudiments  of  Civil  Engineering,"  shows 
the  rate  of  inclination  at  which  this  limit  is  attained  on 
the  various  kinds  of  roads  mentioned  in  the  first  column. 
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The  values  of  the  resistances  on  wliich  this  table  is  calcu- 
lated are  those  given  by  Sir  John  Macneil : — 


Deieription  of  tiM  road. 


Well-laid  pavement         « 

Broken  stone  surface  on  a  bottom  of  i 

rough  pavement  or  concrete    .  .  J 

Broken  stone  surface  laid  on  an  old  flint ) 

road      .  •  .  •  j 

Gravel  road  •  •  •  • 


Q> 


k 


Si 


0      . 

31-4 

0  48 

44 

1     7i 

62 

1  35 

140 

3  35 

III 


Iin7l 
lin51 

lin  3G 
linl6 


The  following  table  of  gradients  is  of  considerable  value 
in  laying  out  and  arranging  roads.  The  first  column  con- 
tains the  gradient,  expressed  in  the  ratio  of  the  height  to 
the  length ;  the  second  and  third  columns  contfdn  the  ver- 
tical rise  in  a  mile  and  a  chain  respectively ;  the  fourth 
column,  the  angle  of  inclination  with  the  horizon ;  and  the 
last  column,  the  sine  of  the  same  angle,  which  is  inserted 
for  facilitating  the  calculation  of  the  resistances  occasioned 
by  the  gradient 


GRADIENTS.  Dl 

Table  ^o.  S.— Qradibnts  and  Ahoi.eb  of  iNCLiNAnox  ov  Hoaus. 
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Width  and  Traniverse  Section  of  Eoads, — It  is  tecom- 
mended  that  roads  should  be  wide.  It  is  an  error  to 
suppose  that  the  cost  of  repairing  a  road  depends  entirely 
upon  the  extent  of  its  surface,  and  increases  with  its  width. 
The  cost  per  mile  of  road  depends  more  upon  the  extent 
and  the  nature  of  the  traffic;  and  it  may  be  asserted, 
generally,  that  the  same  quantity  of  material  is  necessary 
for  the  repair  of  a  road,  whether  wide  or  narrow,  subjected 
to  the  same  amount  of  traffic.  On  the  narrow  road,  the 
traffic,  being  con£ned  very  much  to  one  track,  the  road 
would  be  worn  more  severely  than  when  the  traffic  is 
spread  over  a  larger  surface.  The  expense  of  spreading 
the  material  over  the  wider  road  would  be  somewhat 
greater,  but  the  cost  for  material  might  be  taken  as 
the  same.  One  of  the  advantages  of  a  wide  road  is,  that 
the  air  and  the  sun  exercise  more  influence  in  keeping  its 
surface  dry.  The  first  cost  of  a  wide  road  is  certainly 
greater  than  that  of  a  narrow  road, — nearly  in  the  ratio 
of  the  widths. 

For  roads  situated  between  towns  of  importance,  and 
exposed  to  much  traffic,  the  width  should  not  be  less  than 
30  ft.,  which  would  admit  of  four  vehicles  abreast ;  besides 
a  footpath  of  6  ft.  In  the  immediate  vicinity  of  large 
towns  and  cities,  the  width  should  be  greater. 

The  form  of  the  cross  section  of  a  road  is  a  subject  of 
much  importance,  and  it  is  one  upon  which  much  difference 
of  opinion  exists.  Some  persons  advocate  a  considerable 
degree  of  curvature  in  the  upper  surface  of  the  road,  with 
the  view  of  facilitating  the  drainage  of  its  surface ;  whilst 
others  are  averse  to  a  road  being  much  curved.  It  is  the 
practice  of  others,  again,  to  form  the  road  on  a  flat  surface 
transversely;  whilst  others  give  a  dip  to  the  formation- 
surface  each  way  from,  the  centre,  supposing  that  the 
drainage  of  the  road  is  thereby  facilitated. 

The  only  advantage  resulting  from  the  curving  of  the 
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transverse  section  of  the  road  is,  that  the  water,  which 
would  otherwise  collect  upon  its  surface,  is  allowed  to  drain 
freely  off  into  the  side  ditches.  It  has  been  urged  that, 
in  laying  on  fresh  material  upon  a  road,  it  is  necessary  to 
keep  the  centre  much  higher  than  the  sides ;  because,  in 
consequence  of  the  greater  number  of  carriages  using  the 
middle  of  the  road,  that  portion  wears  more  quickly  than 
the  sides,  and  that,  unless  it  is  made  originally  much 
higher,  when  so  worn  it  necessarily  forms  a  hollow  or 
depression,  from  which  water  cannot  drain.  .  Now  it  is 
entirely  overlooked  by  those  who  advance  this  argument, 
that  the  cause  of  carriages  using  the  middle  in  preference 
to  the  sides  of  a  road,  is  its  rounding  form,  since  it  is  only 
in  that  situation  that  a  carriage  stands  upright.  If  the 
road  were  comparatively  flat,  every  portion  woxdd  be 
equally  used ;  but  on  very  convex  roads,  the  middle  is  the 
only  portion  of  the  road  on  which  it  is  safe  to  travel.  On 
this  subject^  Mr.  Macadam  remarks,  in  his  evidence  before 
a  committee  of  the  House  of  Commons,*  ''I  consider  a 
road  should  be  as  flat  as  possible  with  regard  to  allowing 
the  water  to  run  off  it  at  all,  because  a  carriage  ought  to 
stand  upright  in  travelling  as  much  as  possible.  I  have 
generally  made  roads  3  in.  higher  in  the  centre  than  I 
have  at  the  sides,  when  they  are  18  ft.  wide;  if  the  road 
be  smooth  and  well  made,  the  water  will  run  off  very 
easily  in  such  a  slope."  And,  in  answer  to  the  question, 
"Do  you  consider  a  road  so  made  wiU  not  be  likely  to 
wear  hollow  in  the  middle,  so  as  to  allow  the  water  to 
stand,  after  it  has  been  used  for  some  time?"  he  replies, — 
"  No ;  when  a  road  is  made  flat,  people  will  not  foUow  the 
middle  of  it  as  they  do  when  it  is  made  extremely  convex. 
Gentlemen  wiU  have  observed  that  in  roads  very  convex, 
travellers  generally  follow  the  track  in  the  middle,  which 

*  Parliamentary  Beport  on  the  Highways  of  the  Kingdom,  1819, 
page  22. 
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is  the  only  place  where  a  carriage  can  run  upright,  by 
which  means  three  furrows  are  made  by  the  horses  and 
the  wheels,  and  water  continually  stands  there ;  and  I 
think  that  more  water  actually  stands  upon  a  very  convex 
road  than  on  one  which  is  reasonably  flat."     On  the  same 
subject,  Mr.  Walker  remarks,*  '*  A  road  much  roimded  is 
dangerous,  particularly  if  the  cross   section   approaches 
towards  the  segment  of  a  circle,  the  slope  in  that  case  not 
being  uniform,  but  increasing  rapidly  from  the  nature  of 
the  curve,  as  we  depart  from  the  middle  or  vertical  line. 
The  over-rounding  of  roads  is  also  injurious  to  them,  by 
either  confining  the  heavy  carriages  to  one  track  in  the 
crown  of  the  road,  or,  if  they  go  upon  the  sides,  by  the 
greater  wear  they  produce,  from  their  constant  tendency 
to  move  down  the  inclined  plane,  owing  to  the  angle 
which  the  surface  of  the  road  and  the  line  of  gravity  of 
the  load  form  with  each  other;  and,  as  this  tendency  is 
perpendicular  to  the  line  of  draught,  the  labour  of  the 
horse  and  the  wear  of  the  carriage  wheels  are  both  much 
increased  by  it."  f 

The  drainage  of  the  surface  of  the  road  is  then  the  only 
useful  purpose  answered  by  making  it  convex.  But  the 
surface  of  a  road  is  much  more  efficiently  drained  by  a 
small  inclination  in  the  direction  of  its  length,  than  by  a 
much  greater  transverse  slope.  On  this  subject,  Mr. 
Walker  has  very  justly  remarked,  J  "  Clearing  the  road  of 
water  is  best  secured  by  selecting  a  course  for  the  road 
which  is  not  horizontally  level,  so  that  the  surface  of  the 
road  may,  in  its  longitudinal  section,  form,  in  some  degree, 
an  inclined  plane ;  and  when  this  cannot  be  obtained, 
owing  to  the  extreme  flatness  of  the  country,  an  artificial 

*  Parliamentary  Report,  1819,  page  49. 

t  Remarks  on  the  evils  of  "  barreled  roads/'  as  tbey  were  called, 
have  been  made  in  the  Historical  chapter,  page  4. — Editor. 
X  Parliamentary  Report,  1819,  page  48. 
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inclination  may  generally  be  made.  When  a  road  is  so 
formed,  every  wheel-track  that  is  made,  being  in  the  line 
of  inclination,  becomes  a  channel  for  carrying  off  the  water 
much  more  effectually  than  can  be  done  by  a  curvature  in 
the  cross  section  or  rise  in  the  middle  of  the  road,  without 
the  danger  or  other  disadvantages  which  necessarily  attend 
the  rounding  a  road  much  in  the  middle.  I  consider  a  fall 
of  about  H  inches  in  10  feet  to  be  a  minimum  in  this  case, 
if  it  is  attainable  without  a  great  deal  of  extra  expense." 
Whilst,  then,  the  advantages  attending  the  extreme  con- 
vexity of  roads  is  so  small,  the  disadvantages  are  consider- 
able. On  roads  so  constructed,  vehicles  must  either  keep 
to  the  crown  of  the  road,  and  so  occasion  an  excessive  and 
unequal  wear  of  its  surface,  or  use  the  sides,  with  the 
liability  of  being  overturned.  The  evidence  of  coach- 
masters  and  others,  taken  before  the  committee  of  the 
House  of  Commons,  and  appended  to  the  report  already 
quoted  from,  fully  bears  out  the  view  here  taken,  and 
shows  that  many  accidents  have  arisen  from  the  practice 
of  forming  roads  with  an  excessive  amount  of  convexity. 

With  reference  to  the  above  remarks,  it  is  only  intended 
to  express  disapproval  of  the  practice  of  forming  roads 
with  cross  sections  rounding  in  an  extreme  degree  and 
not  to  advocate  a  perfectly,  or  nearly,  flat  road,  as  many, 
who  have  fallen  into  the  opposite  error,  have  done.  It  is 
recommended,  as  the  best  form  which  could  be  given  to  a 
road,  that  its  cross  section  should  be  formed  of  two  straight 
lines  inclined  at  the  rate  of  about  1  in  30,  and  connected 
at  the  middle  or  crown  of  the  road  by  a  segment  of  a 
circle,  having  a  radius  of  about  90  feet.  This  form  of 
section  is  shown  in  Fig.  22,  and  the  rate  of  inclination 
there  given  is  quite  sufficient  to  keep  the  surface  of  a 
road  drained,  provided  it  is  maintained  in  good  order, 
free  from  ruts.  If  the  maintenance  is  neglected,  no 
degree  of  convexity  which  can  be  given  to  the  road  wil] 
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be  of  any  avail,  as  the  water  will  remain  in  the  hollows  or 
furrows. 

The  form  of  cross  section  here  suggested  is  equally 

adapted  to  all  widths  of  road,  as  the  straight  lines  have 
merely  to  be  extended  at  the  same  rate  of  inclination, 
until  they  meet  the  sides  of  the  road. 

Professor  Mahan  is  of  the  same  opinion  with  respect  to 
the  proper  section  of  a  road — namely,  that  it  should  be 
formed  of  two  straight  sides,  connected  at  the  middle  by  a 
flat  circular  arc.  The  slope  which  he  recommends  is  1  in 
48,  or  1  inch  in  4  feet. 

With  regard  to  the  form  which  should  be  given  to  the 
bed  upon  which  the  road  is  to  be  formed,  a  similar  dif- 
ference of  opinion  exists  as  to  whether  it  should  be  flat 
or  rounding.  Except  where  the  surface  upon  which  the 
road  is  to  be  formed  is  a  strong  clay,  or  other  soil  imper- 
vious to  water,  no  benefit  results  as  far  as  drainage  is  con- 
cerned, in  making  the  formation-surface  or  bed  of  the  road 
convex.  It  should  be  borne  in  mind  that,  after  the  road 
materials  are  laid  upon  the  formation-surface,  and  have 
been  for  some  time  subjected  to  the  pressure  of  heavy 
vehicles  passing  over  them,  they  become,  to  a  certain 
extent,  intermixed :  the  road  materials  are  forced  down 
into  the  soil,  and  the  soil  works  up  amongst  the  stones, 
and  the  original  line  of  separation  becomes  entirely  lost. 
If  the  surface  upon  which  the  road  materials  are  laid 
were  to  remain  a  distinct  flat  surface,  perfectly  even  and 
regular,  into  which  the  road  materials  could  not  be  forced, 
then  it  would  be  useful  to  give  such  an  inclination 
to  it  as  would  allow  any  water  which  might  find  its  way 
through  the  crust  or  covering  of  the  road,  to  run  off 
to  the  sides.  Even  so,  it  would  have  to  force  a  passage 
between  the  road  materials  and  the  surface  on  which 
they  rest.  Such  is,  however,  far  from  being  the  case ; 
and,  therefore,  unless  under  peculiar  circumstances,  no 
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water  which  finds  its  way  through  the  hard  compact  surface 
of  the  road  itself  is  arrested  by  the  comparatively  soft  sur- 
face of  its  bed,  and  carried  off  into  the  side  ditches,  what- 
ever the  slope  which  might  be  given  to  the  bed.     While, 
however,  it  is  believed,  that,  as  far  as  drainage  is  con- 
cerned, it  is  useless  to  form  the  bed  or  formation  surface 
of  the  road  with  a  transverse  slope,  it  should,  nevertheless, 
be  formed  to  the  same  outline  as  that  recommended  for  the 
outer  surface ;  making  the  two  surfaces  parallel,  and  thus 
bestowing  an  equal  depth  of  road  material  over  evezy 
portion  of  the  road.    Nevertheless,  some  road-makers  not 
only  recommend  a  less  depth  of  road  materials  to  be  put 
on  the  sides  than  on  the  middle  of  the  road,  but  they 
further  advise  that  an  inferior  description  of  material 
should  be  employed  at  the  sides.      On  this  subject  the 
following   remarks   of  Mr.   Hughes  are  very  much  to 
the  purpose:* — "A  very  common  opinion  is,  that   the 
depth  of  material  in  the  middle  of  the  road  should  be 
greater  than  at  the  sides,  but,  for  my  part,  I  have  never 
been  able  to  discover  why  the  sides  of  the  road  should  be 
at  all  inferior  to  the  middle  in  hardness  and  solidity.     On 
the  contrary,  it  would  be  a  great  improvement  in  general 
travelling,  if  carriages  could  be  made  to  adhere  more 
strictly  to  the  rule  of  keeping  the  proper  side  of  the  road  ; 
and  the  reasonable  inducement  to  this  practice  is,  obvi- 
ously, to  make  the  sides  equally  hard  and  soHd  with  the 
middle.     In  many  roads,  even  where  considerable  traffic 
exists,  the  only  good  part  of  the  road  consists  of  about 
8  or  10  feet  in  the  middle,  the  sides  being  formed  with 
small  gravel  quite  unfit  to  carry  heavy  traffic ;  and  the 
consequence  is,  that  the  whole  crowd  of  vehicles  is  forced 
into  the  centre  track  of  the  road  ;  thus  at  least  doubling 
or  trebling  the  wear  and  tear  which  would  take  place  if 

*  ''The  Practice  of  Making  and  Repairing  Roads,"  by  ThomaB 
Hughes,  1838,  page  12. 
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the  sides  were,  as  they  ouglit  to  be,  equally  good  with  the 
centre.  Another  mischievous  consequence  is,  that  when  it 
becomes  necessary  to  repair  the  centre  of  the  road,  the 
carriages  are  driven  off  the  only  good  part  on  to  the  sides, 
which  consist  of  weak  material,  and  are  often  even  dan- 
gerous for  the  passage  of  heavily-laden  stage  coaches.  On 
the  other  hand,  if  equal  laboiu*  and  materials  be  expended 
on  the  whole  breadth  of  the  road,  it  is  evident  that  the 
wear  and  tear  will  be  far  more  imiform ;  and  when  any 
one  part  requires  repair,  the  tra£B.c  may  with  safety  be 
turned  on  to  another  part.  Hence,  I  should  always  lay  on 
the  same  depth  of  material  all  over  the  road :  and  this 
alone  will  of  course  render  it  necessary  to  curve  the  bed 
of  the  road." 

Great  attention  should  be  paid  to  the  drainage  of  roads, 
ivith  respect  to  their  upper  surface  as  well  as  to  the  sur- 
face of  the  ground  on  which  they  rest.  To  promote  the 
surface-drainage,  the  road  should  be  formed  with  the 
transverse  section  shown  in  Fig.  22,  and  on  each  side  of 
the  road  a  ditch  should  be  formed  of  sufficient  capacity  to 
receive  all  the  water  which  can  fall  upon  the  road,  and  it 
should  be  of  such  a  depth  and  with  such  a  declivity  as  to 
conduct  the  water  freely  away.  When  footpaths  are  to  be 
constructed  on  the  sides  of  the  road,  a  channel  or  water- 
course should  be  formed  between  the  footpaths  and  the 
road,  and  small  drains,  formed  of  tiles  or  earthern  tubes, 
such  as  are  used  for  underdraining  lands,  should  be  laid 
under  the  footpath,  at  such  a  level  as  to  take  off  all  the 
water  which  may  collect  in  this  channel,  and  convey  it 
into  the  ditch.  In  the  best  constructed  roads,  these  side 
channels  are  paved  with  flints  or  pebbles.  The  drains 
under  the  footpath  should  be  introduced  about  every 
60  feet,  and  should  have  the  same  inclination — namely,  1 
in  30,  as  is  recommended  for  the  sides  of  the  road,  as 
shown  in  Fig.  22.    A  greater  inclination  would  be  objeo- 
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iionable.  It  is  a  yery  frequent  mistake  to 
g^ve  too  great  a  fall  to  small  drains,  for  such 
a  current  through  them  is  produced  as  may 
wash  away  or  undermine  the  ground  around 
them,  and  ultimately  cause  their  destruction. 
When  a  drain  is  once  closed  by  any  obstruc- 
tion, no  amount  of  faU  which  could  be  given 
to  it  would  suffice  again  to  clear  the  passage  ; 
whilst  a  drain  having  a  considerable  current 
through  it,  would  be  much  more  likely  to  be 
stopped  by  foreign  matter  carried  into  it,  than 
a  drain  with  a  less  rapid  stream. 

When  the  surface  of  a  road,  constructed  of 
suitable  materials,  compactly  laid,  is  drained 
in  the  manner  which  has  just  been  described, 
very  little  water  finds  its  way  to  the  sub- 
stratum. 'For  some  descriptions  of  soil,  how- 
over,  it  is  desirable  to  adopt  additional  means 
for  maintaining  the  foundation  of  a  road  in  a 
dry  state;  as,  for  instance,  when  the  surface 
is  a  strong  clay  through  which  no  water  can 
percolate,  or  when  the  ground  beneath  the  road 
is  naturally  of  a  soft,  wet,  or  peaty  nature 
Under  such  circumstances  a  species  of  under- 
drainage  should  be  provided.  When  the  sur- 
face of  the  ground  is  formed  to  the  level 
intended  for  the  reception  of  the  road  materials, 
trenches  should  be  cut  across  the  road  from  a 
foot  to  eighteen  inches  in  depth,  and  about  a 
foot  wide  at  the  bottom,  the  sides  being  sloped 
as  shown  in  Pig.  23.  The  distances  at  which 
these  drains  should  be  formed  depends  in  a 
great  measure  on  the  nature  of  the  soil ;  in  the 
case  of  a  strong  clay  soil,  or  a  soil  which  is 
naturally  very  wet,  there  should  be  a  cross 
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drain  at  intervals  of  20  ft.  Ab  the  ground  becomes  firmer 
and  drier,  tlie  interval  may  be  increased  in  length.  A  drain 
not  less  than  4  inches  square  internally  should  be  formed  in 
the  trench,  of  old  bricks,  di-ain-tiles,  or  Sat  stones,  as  shown 
in  Fig.  23 ;  or  the  drain  may  be  formed  by  any  other  mode 
used  for  nnder-drains ;  and  the  remainder  of  the  trench 
should  be  filled  with  coarse  stones  &ee  &om  all  clay  or 

Formation  Surfacr. 
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dirt,  in  the  manner  sbovn  iu  the  figure.  These  drains 
must  have  a  fall  from  the  centre  of  the  road  into  the  ditches 
on  either  side :  an  inclination  of  1  in  30  wiU  be  sufficient. 
When  the  road  is  level  in  the  direction  of  its  length,  the 
drains  should  run  square  across ;  but,  on  inclined  portions 
of  the  road,  the  drains  should  be  formed,  as  shown  on  the 


plan.  Fig.  24,  somewhat  in  the  form  of  a  very  flat  V,  the 
apei  being  in  the  middle  of  the  road,  and  the  drains  mak- 
ing an  obtuse  angle  with  the  line  of  the  road,  in  the  direc- 
tion in  which  it  falls.  The  amount  of  this  angle  should 
not  be  greater  than  is  shown  in  Fig,  24. 

When  a  road  with  footpaths  is  imderdrained  in  the 
manner  just  described,  it  is  not  necessaiy  ttf  form  drains  from 
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the  side  channel  tinder  the  foutpath  into  the 
ditch,  as  Bhown  in  Pig.  22.  It  is  euffldent  to 
cany  up  a  little  shaft,  constructed  in  the  same 
iray  as  the  drain,  irom  the  drain  to  the  chan- 
nel, corering  the  shaft  \rith  a  small  grating 
to  prevent  leaves  or  other  substances,  vhieh 
might  choke  the  drain,  from  being  carried  into 
it.  This  method  of  forming  the  drains  is 
shown  at  A  in  Fig.  25. 

The  footpath  should  bo  not  more  than  9 
inches  higher  than  the  bottom  of  the  side  chan- 
nel. The  surface  of  the  footpath  should  have 
a  pitch  of  2  inchee,  towards  the  aide  channels, 
to  convey  its  surface-water  into  them.  When 
the  natural  soil  is  firm  and  sandy,  or  gravelly, 
its  surface  will  serve  for  the  footpath ;  but  in 
other  cases  the  natural  soil  must  be  thrown 
out  to  a  depth  of  6  in.,  and  the  excavation  filled 
with  fine  dean  gravel.  To  prevent  the  foot- 
path from  being  damaged  by  the  current  of 
water  in  the  side  channel,  its  side  slope,  next 
to  the  side  channel,  most  he  protected  by  a 
facing  of  good  sods,  or  of  dry  atone. 

Independently  of  the  drainage  for  marshy 
Boils,  they  will  require,  when  the  subsoil  is  of 
a  spongy  elastic  nature,  an  artificial  bed  for 
the  road-covering.  This  bed  may,  in  some 
coses,  be  formed  by  simply  removing  the 
upper  stratum  to  a  depth  of  several  feet,  and 
supplying  its  place  with  well-packed  gravel, 
or  any  soil  of  a  firm  character.  In  other 
cases,  when  the  subsoil  yields  readily  to  the 
ordinary  pressure  that  the  road-aurface  must 
bear,  a  bed  of  brushwood  from  9  to  18  in. 
in   thicknese,  must  be  formed  to  receive  the 


78  ON    THE  SECTION   OF   ROADS. 

soil  on  which  the  road-covering  is  to  rest.  The  brush* 
wood  should  be  carefully  selected  from  the  long  straight 
slender  shoots  of  the  branches  or  undergrowth,  and  be 
tied  up  in  bundles,  termed  fascines,  from  9  to  12  in.  in 
diameter,  and  from  10  to  20  ft.  long.  The  fascines  are 
laid  in  alternate  layers  crosswise  and  lengthwise,  and  the 
layers  are  either  connected  by  pickets,  or  else  the  withes, 
with  which  the  fascines  are  bound,  are  cut  to  allow  the 
brushwood  to  form  a  uniform  and  compact  bed. 

This  method  of  securing  a  good  bed  for  structures  on  a 
weak  wet  soil  has  been  long  practised  in  Holland,  and 
experience  has  fully  tested  its  excellence. 


CHAPTEE  Y. 

CONSTRUCTION  OF  EOADS. 

It  has  been  maintained,  by  Mr.  Macadam  and  otliere, 
that  a  soft  and  yielding  foundation  for  a  road  is  better 
than  one  which  is  firm  and  unyielding.  Mr.  Macadam  has 
stated  that  he  ''  should  rather  prefer  a  soft  one  to  a  hard 
one ;"  and  even  a  bog,  **  if  it  was  not  such  a  bog  as  would 
not  allow  a  man  to  walk  over  it."  *  The  principles  upon 
which  this  opinion  was  founded  were,  that  the  road  on  the 
soft  foundation  being  more  yielding  or  elastic,  the  materials 
of  which  the  covering  of  the  road  was  formed  would  be  less 
likely  to  be  crushed  and  worn  away  by  the  passage  of  a 
heavy  traffic  over  them  than  when  placed  on  a  hard  solid. 
The  contrary  opinion  is,  however,  maintained  by  the  largest 
number  of  advocates;  and  it  is  certain  that  there  is  no  more 
general  cause  of  bad  roads  than  soft  foundations.  A  firm, 
solid,  and  dry  substratum  is  necessary  for  the  road  male- 
rials  to  rest  upon.  However  good  the  materials  themselves 
may  be,  and  however  much  care  may  be  bestowed  upon 
the  distribution  of  them,  the  material  and  labour  are  of 
no  avail  unless  a  good  foimdation  has  been  prepared.  The 
outer  surface  of  the  road  should  be  regarded  merely  as  a 
covering  to  protect  the  actual  working  road  beneath,  which 
should  be  sufficiently  firm  and  substantial  to  support  the 
whole  of  the  traffic  to  be  carried  over  it.  The  proper  func- 
tion of  the  road  materials  is  to  protect  the  actual  road  from 

•  Parliamentary  Beport,  1810,  p.  23. 
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being  worn  and  injured  by  horses'  feet  and  wheels,  or  by 
the  action  of  the  weather.  This  lower,  or  suh-road,  as  it 
may  be  called,  being  once  properly  constructed,  would  last 
for  ever,  provided  that  the  outer  case  or  covering  is  re- 
newed from  time  to  time,  so  as  to  maintain  a  suf&cient 
depth  for  the  protection  of  the  sub-road. 

Beads  may  be  classed  as  follows,  according  to  the  manner 
in  which  the  foundation  is  formed : — 

1st.  Beads  having  no  artificial  foundation,  but  in  which 
the  covering  materials  are  laid  on  the  surface  of  the 
ground. 

2nd.  Beads  having  a  foundation  of  concrete. 

3rd.  Beads  having  a  paved  foundation. 
And  each  of  these  might  be  sub-divided  according  to  the 
kind  of  material  employed  as  a  covering. 

The  first  class  of  roads  comprises  by  far  the  largest  pro- 
portion of  the  roads  in  this  country.  But  it  should  only 
be  employed  in  cases  where  the  road  is  not  sufficiently 
important  to  warrant  any  large  expenditure,  and  where 
the  anticipated  amount  of  traffic  is  small. 

Every  care  should  be  taken  to  make  the  road  as  solid  as 
possible.  If  the  ground  is  at  all  of  a  soft  or  wet  nature, 
deep  ditches  should  be  cut  on  each  side  of  the  line  of  the 
road,  and  cross  under- drains  should  be  formed  in  the 
manner  already  described  at  page  76.  And  where  the 
ground  is  very  soft,  a  layer  of  faggots  or  brushwood,  from 
4  to  6  inches  in  depth,  should  be  laid  over  the  surface  of  the 
ground  to  receive  the  road  materials.  For  embankments, 
or  in  other  situations  where  the  ground  has  been  recently 
deposited,  the  surface  shoidd  be  either  rolled  or  punned, 
that  is,  beaten  with  heavy  beetles,  so  as  to  confer  upon  it 
as  great  a  degree  of  solidity  as  possible.  The  same  mode 
of  proceeding  should  be  followed,  even  where  it  is  intended 
to  form  either  a  paved  or  a  concrete  foundation. 

The  employment  of  concrete  composed  of  gravel  and 
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lime  was  first  proposed  by  Mr.  Thomas  Hughes,  and  the 
following  remarks  upon  its  use  are  quoted  from  his  work 
on  roads  : — * 

"  The  use  of  lime  concrete,  although  an  introduction  of 
modem  times,  and  certainly  one  of  rather  a  novel  charac- 
ter, derives  its  real  origin  from  a  very  remote  period.  We 
have  indisputable  evidence  that  the  Eomans,  in  construct- 
ing their  military  ways,  particularly  in  France,  adopted  the 
practice  of  forming  a  concrete  foundation  composed  of 
gravel  and  lime,  on  which  also  they  placed  large  stones  as 
a  pavement.  The  consequence  of  a  construction  so  solid 
has  been,  that,  in  many  parts  of  Europe,  the  original  bed 
or  crust  of  the  Roman  roads  is  not  at  the  present  day  en- 
tirely worn  down,  even  after  a  lapse  of  fifteen  centuries. 

**  With  the  view  of  aflPording  a  modern  example  in  which 
lime  concrete  has  been  used,  I  would  refer  to  the  Brixton 
Bead,  where  a  concrete  composed  of  gravel  and  lime  has 
been  recently  applied  by  Mr.  Charles  Penfold,  surveyor  to 
the  trust.  In  this  case  the  proportion  of  gravel  to  lime  is 
that  of  four  to  one.  The  lime  is  obtained  from  Merstham 
or  Dorking,  and  before  being  used  it  is  thoroughly  ground 
to  powder.  The  concrete  is  made  on  the  surface  of  the  road, 
and  great  care  is  taken,  when  the  water  is  added,  that  every 
particle  of  the  lime  is  properly  slaked  and  saturated.  The 
bed  of  concrete  having  been  spread  to  the  depth  of  6  inches 
over  the  half  breadth  of  the  road,  the  surface  is  then 
covered  over  with  6  inches  of  good  hard  gravel  or  broken 
stone,  and  this  depth  is  laid  on  in  two  courses,  of  3  inches 
at  a  time,  the  first  course  being  frequently  laid  on  a  few 
hours  after  the  concrete  has  been  placed  on  the  road.  The 
carriages,  however,  are  not  on  any  account  allowed  to  pass 
over  it  until  the  concrete  has  become  sufficiently  hard  and 
solid  to  carry  the  traffic  without  suffering  the  road  material 
to  sink  and  be  pressed  into  the  body  of  concrete.    On  the 

•  "The  Practice  of  Making  and  Itopairing  Boads/'  p.  44, 
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other  hand,  the  covering  of  gravel  is  always  laid  on  before 
the  concrete  has  become  quite  hard,  in  order  to  admit  of  a 
more  perfect  binding  and  junction  between  the  two  beds 
than  would  take  place  if  the  concrete  were  suffered  to  be- 
come hard  before  laying  on  the  first  covering.  The  bene- 
ficial effect  arising  from  the  practice  of  laying  on  the  gravel 
exactly  at  the  proper  time  is,  that  the  lower  stones,  pressed 
by  their  own  weight,  and  by  those  above  them,  sink  par- 
tially into  the  concrete,  and  thus  remain  fixed  in  a  matrix, 
from  which  they  could  not  easily  be  dislodged.  The  lower 
pebbles  being  thus  fixed,  and  their  rolling  motion  conse- 
quently prevented,  an  immediate  tendency  to  bind  is  com- 
municated to  the  rest  of  the  material — a  fact  which  must 
be  evident,  if  we  consider  that  the  state  called  binding,  or 
rather  that  produced  by  the  binding,  is  nothing  more  than 
the  solidity  arising  from  the  complete  fixing  and  wedging 
of  every  part  of  the  covering,  so  that  the  pebbles  no  longer 
possess  the  power  of  moving  about  and  rubbing  against 
each  other.  It  is  found  that,  in  a  very  few  days  after  the 
first  layer  has  been  run  upon,  the  other,  or  top  covering, 
may  be  applied ;  and,  shortly  afterwards,  the  concrete,  and 
the  whole  body  of  road  material,  becomes  perfectly  solid, 
from  top  to  bottom.  The  contrast  thus  presented  to  the 
length  of  time  and  trouble  required  to  effect  the  binding 
of  road  materials  where  the  whole  mass  is  laid  on  loose 
is  alone  a  very  strong  recommendation  in  favour  of  the 
concrete. 

"  The  experiment  of  using  concrete  on  the  Brixton  Eoad, 
although  not  at  present  on  a  very  extensive  scale,  has  been 
tried  under  circumstances  very  far  from  being  favourable, 
and  on  a  part  of  the  road  which  had  hitherto  baffled  every 
attempt  to  make  it  solid.  Since  the  concrete  has  been  laid 
down,  however,  there  is  not  a  firmer  piece  of  road  in  the 
whole  trust." 
.    Mr.  Penfold  gives  the  result  of  an  experiment  made  by 
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him  upon  the  Walworth  Eoad.  "  It  was  raised  by  nine 
inches  of  concrete,  and  six  of  granite  and  Kentish  rag- 
stone  mixed ;  and  in  some  parts  it  was  covered  by  rag  and 
flints.  The  improvement  is  so  great,  with  respect  to  the 
draught,  and  so  desirable  with  respect  to  the  saving  in  the 
annual  repair,  that  the  trust  have  directed  it  to  be  applied 
to  upwards  of  two  miles  of  road  upon  which  the  greatest 
traffic  exists."  * 

One  of  the  principal  advantages  attending  the  employ- 
ment of  concrete  as  a  foundation  for  roads  is,  that  a  good 
and  solid  road  may  be  made  with  materials,  such  as  roimd 
pebbly  gravel,  which,  on  any  other  mode  of  application, 
would  be  ill-suited  to  the  purpose,  and  would  form  a  very 
imperfect  road.  This  description  of  gravel  is  that  which 
is  by  far  the  most  frequently  met  with.  The  gravel 
selected  for  this  purpose  should  be  free  from  any  kind  of 
dirt,  clay,  or  other  impurity,  and  should  consist  of  stones 
and  sand,  mixed  in  about  such  proportions  that  the  latter 
would  just  fill  the  interstices  of  the  former.  The  gravel 
should  then  be  mixed  with  the  proper  quantity  of  ground 
unslaked  lime — in  ordinary  cases  five  or  six  parts  of 
gravel  and  one  of  lime  will  be  found  to  answer ;  after 
which,  sufficient  water  being  added  to  effect  the  slaking 
of  the  lime,  the  whole  should  be  quickly,  but  thoroughly, 
mixed  up,  and  then  immediately  thrown  into  place,  and 
trimmed  off  at  once  to  the  proper  form  intended  to  be 
given  to  its  upper  surface ;  the  first  layer  of  broken  stones 
or  screened  gravel  should  then,  as  Mr.  Hughes  directs,  be 
placed  just  as  the  concrete  is  about  to  set. 

The  third  mode  of  forming  an  artificial  foundation  was 
introduced  by  Mr.  Telford.  It  consists  in  laying  a  rough 
pavement  on  the  top  of  the  formation-surface,  which  is 
afterwards  covered  by  the  road  materials.     The  following 

*  <*  Practical  Treatise  on  the  best  Moio  of  Making  and  Repairing 
Boads/'  by  Charles  Fenfold,  p.  81. 
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is  an  extract  from  one  of  Mr.  Telford's  specifications  for  a 
portion  of  the  Holyhead  Eoad : — '*  Upon  the  level  bed  pre- 
pared for  the  road  materials,  a  bottom  course  or  layer  of 
stones  is  to  be  set  by  hand,  in  form  of  a  close,  firm  pave- 
ment ;  the  stones  set  in  the  middle  of  the  road  are  to  be 
7  inches  in  depth :  at  9  feet  from  the  centre,  5  inches ;  at 
12  from  the  centre,  4  inches;  and  at  15  feet,  3  inches. 
They  are  to  be  set  on  their  broadest  edges  lengthwise 
across  the  road,  and  the  breadth  of  the  upper  edge  is  not 
to  exceed  4  inches,  in  any  case.  All  the  irregularities  of 
the  upper  part  of  the  said  pavement  are  to  be  broken  off 
by  the  hammer,  and  all  the  interstices  to  be  filled  witli 
stone  chips,  firmly  wedged  or  packed  by  hand,  with  a  light 
hammer ;  so  that  when  the  whole  pavement  is  finished, 
there  shall  be  a  convexity  of  4  inches  in  the  breadth  of 
15  feet  from  the  centre."  * 

The  stone  which  Telford  employed  for  this  purpose,  was 
generally  such  as  would  have  been  totally  unfit  for  most 
other  purposes,  whether  on  account  of  its  inferior  quality, 
or  the  smallness  of  its  dimensions.  In  comparing  the  two 
methods  of  forming  artificial  foundations  of  roads»  regard 
must  be  had  to  the  nature  of  the  materials  found  in  the 
locality  in  which  the  road  is  to  be  formed.  Where  stone  is 
plentiful,  and  easily  procured,  the  paved  foundation  would 
be  the  best;  whilst,  where  stone  is  scarce,  and  gravel 
and  lime  abundant,  the  preference  must  be  given  to  the 
concrete  foundation. 

The  foundation  of  the  road  having  been  prepared,  the 
next  proceeding  is,  to  lay  a  firm  and  compact  covering 
upon  the  foundation,  to  form  a  smooth  surface  for  carriages 
to  travel  upon.  The  materials  of  which  the  covering  is 
composed  should  possess  the  property  of  becoming  quickly 
united  into  one  solid  mass,  of  which  the  surface  should  be 
smooth   and  hard,  and  at  the   same  time  not  liable  to 

•  Sir  H.  Pamell  on  Boads,  p.  132. 
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be  broken  to  pieces,  or  ground  into  dust,  by  wheels  oz 
horses'  feet.  The  materials  wbich  have  been  employed  for 
this  purpose  are  of  two  kinds ;  angular  fragments  of 
broken  stone  of  different  sorts,  and  gravelly  pebbles.  It  is 
essential  to  the  formation  of  a  good  road  that  the  distinc- 
tion here  pointed  out  be  always  kept  clearly  in  view, 
because  a  totally  different  mode  of  proceeding  must  be 
adopted  to  form  a  perfect  road  with  these  two  classes  of 
material.  The  want  of  attention  to  the  distinction  here 
pointed  out  has  led  to  much  discussion  and  misapprehen- 
sion on  the  employment  of  clay,  chalk,  or  other  material, 
as  a  binding  upon  roads. 

If  the  materials  of  which  the  covering  is  to  be  formed 
are  in  ang^ar  masses,  no  binding  of  any  description  is 
requisite ;  as  they  quickly  become  imited  by  dovetailing, 
as  it  were,  amongst  each  other — ^much  more  firmly  than 
they  would  by  the  use  of  any  kind  of  artificial  cement. 

When  the  stones,  instead  of  being  angular,  are  round 
and  pebbly,  like  gravel  stones,  it  is  necessary  to  mix  with 
them  just  su£S.cient  foreign  matter,  of  a  binding  nature,  as 
will  serve  to  fill  up  the  interstices  between  the  stones,  for 
otherwise  these  would  roll  about,  and  would  prevent  the 
road  from  becoming  solid. 

There  are,  then,  two  methods  of  cementing  or  solidifying 
the  surface  of  a  road :  one,  by  the  mechanical  form  of  the 
materials  themselves  forming  a  species  of  bond ;  the  other, 
by  the  use  of  some  cementing  or  binding  matter.  And  in 
comparing  the  relative  merits  of  the  two,  ilie  preference 
must  certainly  be  given  to  the  former,  that  in  which  the 
stones  are  united  in  virtue  of  their  angular  form,  without 
the  use  of  any  cementing  material.  The  principal  reason 
for  this  preference  is,  that  roads  formed  with  stones  so 
united,  are  not  materially  affected  by  wet  or  frosty 
weather ;  whereas,  roads  whose  surfaces  are  composed  of 
pebbly  stones  united  by  cementing  material,  become  loose 
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and  rotten  under  sucli  circumstances  :  the  cementing  mate- 
rial becoming  softened  by  the  wet,  and  reduced  to  a  loose 
pulverulent  condition  by  subsequent  frost. 

The  first  method,  that  of  forming  the  road-covering 
entirely  with  angular  pieces  of  stone,  without  any  other 
material,  was  first  strongly  recommended  by  Mr.  Macadam, 
and  subsequent  experience  has  shown  its  superiority  over 
every  other  which  has  been  employed.  The  most  im- 
portant quality  in  stone  for  road-making  is  toughness  :  mere 
hardness  without  toughness  is  of  no  use,  as  such  stone  be- 
comes rapidly  reduced  to  powder  by  the  action  of  wheels. 
Those  stones  which  have  been  found  to  answer  this  pur- 
pose best  are,  the  whinstones,  basalts,  granites,  and  beach 
pebbles.  The  softer  descriptions  of  stone,  such  as  tho 
sandstones,  are  not  fitted  for  this  purpose,  beiog  far  too 
weak  to  resist  the  crushing  action  of  wheels.  The  harder  and 
more  compact  limestones  may  be  employed ;  but,  generally 
speaking,  the  limestones  are  to  be  avoided,  in  consequence 
of  their  great  affinity  for  water,  by  which  in  frosty 
weather,  which  has  been  preceded  by  wet,  they  are  split 
up  into  powder,  when  the  solidity  of  the  road  is  de- 
stroyed. 

Next  in  importance  to  the  quality  of  the  stone  is  its 
preparation.  This  consists  in  reducing  it  to  angular  frag- 
ments of  such  a  size  that  they  will  pass  freely  through  a 
ring  of  25  inches  in  diameter,  in  every  direction  ;  that  is, 
that  their  largest  dimensions  shall  not  exceed  that  mea- 
sure. 

Tho  stone  thus  prepared,  should  be  evenly  spread  over 
the  surface  prepared  for  the  foundation  of  the  road,  to  W 
depth  of  about  C  inches  ;  and  the  road  should  then  be 
opened  for  traffic.  In  Mr.  Telford's  specifications,  he 
usually  directed  that,  on  the  top  of  this  coating  of  broken 
stone,  a  layer  of  good  clean  gravel,  about  H  inch  in 
depth,  should  be  spread  before  throwing  the  road  open  for 
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use.  Tho  reason  for  this  practice  vras,  to  lesson  the  ex- 
treme unevomiess  of  tho  surface,  and  to  render  the  road 
more  pleasant  to  pass  over  when  first  opened.  It  would 
be  better,  however,  for  the  public  to  put  up  with  the  tem- 
porary inconvenience  of  a  rough  road,  because  the  gravel 
does  a  permanent  injury  to  the  road,  and  reduces  in  a 
considerable  degree  tho  facility  with  which  the  stones 
unite  into  a  compact,  solid  mass. 

Broken  stone,  being  superior  to  gravel  for  the  purpose 
of  road-making,  should  always  be  employed  where  it  can 
be  easily  obtained.  The  quality  of  gravel  varies  so  consider- 
ably, that  while  some  kinds  may,  when  properly  prepared, 
form  a  very  excellent  road,  others  may  be  entirely  worth- 
less ;  such  as  those  kinds  of  gravel  the  stones  composing 
which  are  of  the  sandstones  and  flints,  for  even  flints, 
although  hard,  are  so  excessively  brittle  as  to  be  immedi- 
ately crushed  by  the  passing  of  the  wheels  over  tliem. 
The  gravel  when  taken  from  the  pit  should  be  passed  over 
a  screen  which  will  allow  all  stones  less  than  J  of  an  inch 
to  pass  through  it,  and  the  fine  stuff,  or  hoggin^  as  it  is 
technically  termed,  thus  obtained,  should  be  reserved  for 
forming   the    footpaths ;   the  remainder,  which  has  not 
passed  through  the  screen,  should  have  all  the  stones 
whose  greatest  dimension  is  more  than  ^\  inches  removed 
and  broken,  and  it  would  be  desirable  that  these  broken 
stones  should  be  reserved  for  the  upper  layer.     In  screen- 
ing the  gravel,  especially  as  it  comes  from  the  pit,  a  cer- 
tain portion  of  loam  is  generally  found  adhering  to  the 
stones,  and  this  should  by  no  means  be  separated  from 
them,   for,   although  angular  broken   stones    require  no 
extraneous    substance     to    cause    them     to    bind,    the 
pebbles  of  which  most  gravel  is  composed,  require  a  cer- 
tain amount  of  loam,  clay,  or  chalk,  to  fill  up  the  inter- 
stices between  the  stones,  and  to  prevent  them  from  being 
rolled  about,  as  they  otherwise  would  be.     The  gravel 
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thus  prepared  by  screening  should  be  laid  on  and  spread 
to  a  uniform  depth  of  not  more  than  6  inches  over  the 
whole  surface. 

On  this  subject,  Mr.  Hughes  says  :♦ — "  In  laying  on  this 
upper  covering  many  surveyors  commit  a  great  error  in 
not  making  a  distinct  difference  between  angular  or 
broken  stones  and  those  roimded  smooth  pebbles  of  which 
gravel  is  usually  composed.  The  former  cannot  be  too 
well  cleaned  before  being  laid  on  the  road,  because,  even 
when  entirely  divested  of  all  earthy  matter,  they  soon 
become  wedged  and  bound  closely  together  when  the  pres- 
sure of  carriages  comes  upon  them.  But  the  case  is  dif- 
ferent with  the  smooth,  round  surfaces  of  gravel ;  for  if 
this  material  be  entirely  cleaned  by  means  of  washing 
and  repeated  siftings,  the  pebbles  will  never  bind,  until 
in  a  great  measure  they  become  ground  and  worn  down 
by  the  constant  pressure  and  rubbing  against  each  other. 
Before  this  takes  place,  the  surface  of  the  road  must  be 
considerably  weakened,  and  will,  in  fact,  be  incapable  of 
supporting  the  pressure  of  heavy  wheels,  which  conse- 
<]^uently  sink  into  it,  and  meet  with  considerable  resistance 
to  their  progress.  Under  these  circumstances,  it  seems 
that  the  practice  of  too  scrupulously  cleaning  the  rounded 
pebbles  of  gravel  must  be  decidedly  condemned ;  and  the 
question  then  arises,  to  what  extent  should  the  cleaning 
process  be  dispensed  with  ?  or,  in  other  words,  what  pro- 
portion of  the  binding  material  found  in  the  rough  gravel, 
as  taken  out  of  the  pit,  should  be  allowed  to  remain  in  the 
mass  intended  to  be  placed  on  the  road  ?  *  *  *  A  long 
course  of  experience,  accompanied  by  attentive  observa- 
tions on  these  details  in  the  practice  of  road-making,  has 
convinced  me  that  it  is  much  better  and  safer,  as  a  general 
rule,  to  leave  too  much  of  the  binding  material  in  the 

#  u  '^IxQ  Piactioe  of  Making  and  Hopairing  Boads,"  p.  16. 
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gravel  than  to  divest  it  too  completely  of  this  substance 
When  the  gravel  is  placed  on  a  road  without  being  suffi- 
ciently cleaned,  the  constant  wear  and  tear,  aided  by  the 
occurrence  of  wet  weather,  causes  the  harder  material  or 
actual  gravel  to  be  pressed  close  together ;  and  the  surplus 
of  soft  binding  material  remaining  afker  the  interstices  be- 
tween the  pebbles  are  filled  up,  being  then  forced  to  the 
top,  and  usually  mixed  with  water,  becomes  mud,  and 
according  to  the  usual  practice  should  be  scraped  to  the 
sides  of  the  road.  When  this  has  been  done,  the  surface 
is  usually  firm  and  solid ;  because  the  hard  gravel  below 
the  mud  has  become  perfectly  bound,  without,  at  the  same 
time,  being  broken  or  ground  to  pieces.  Suppose,  next, 
a  road  covered  with  gravel,  too  much  cleaned,  where  it  is 
evident  that  the  destruction  of  the  gravel  wHl  continue 
until  it  becomes  broken  into  angular  pieces,  and  a  suffi- 
cient quantity  of  pulverised  material  has  been  formed  to 
hold  the  stones  in  their  places  and  thus  to  effect  the  bind- 
ing of  the  mass.  I  need  hardly  say,  that  the  deterioration 
thus  occasioned  to  the  road  is  an  evil  of  much  more  im- 
portance, and  one  much  more,  to  be  avoided,  than  that 
occasioned  by  employing  stones  not  sufficiently  cleaned. 
Begardless  of  all  this,  however,  it  is  the  practice  of  many 
road-surveyors  to  insist  that  all  gravel,  of  whatever  qualiiy, 
shall  be  rendered  perfectly  clean  by  repeated  siftings,  and 
even  by  washing,  until  it  becomes  entirely  divested  of  all 
that  may  properly  be  considered  the  binding  part  of  the 
material.'' 

Particular  care  and  attention  is  required  to  be  given  to 
new  roads  when  opened  for  traffic ;  a  sufficient  number  of 
men  should  be  employed  to  keep  every  rut  raked  in  the 
moment  it  appears,  and  guards  or  fenders  should  be  placed 
On  the  road,  in  order  that  vehicles  may  be  caused  to  pass 
over  every  part  of  the  surface  in  turn.  If  these  precautions 
are  not  taken,  years  may  elapse  before  the  road  attains  a 
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firm  condition ;  and  many  roads  have  been  permanontly 
ruined  through,  want  of  suficient  attention  when  first  used. 
When  ruts  are  once  formed,  vehicles  using  the  road  keep 
in  the  same  track,  deepening  and  increasing  the  rut.  In 
wet  weather,  the  rut  is  filled  with  water,  which,  having  no 
other  means  of  escape,  slowly  penetrates  the  sides  and 
bottom  of  the  rut,  rendering  them  so  soft  as  to  be  more 
susceptible  to  the  action  of  every  succeeding  carriage. 
Buts  thus  formed,  involve  a  much  larger  outlay  to  repair 
the  injury  than  that  which  would  have  been  sufficient  to 
prevent  it;  besides  the  inconvenience,  danger,  and  ex- 
pense to  the  public,  in  travelling  on  a  road  in  such  a 
condition. 

Amongst  the  substances  which  were  mentioned  as  bind- 
ing material  to  be  mixed  with  clean  gravel,  was  chalk. 
Many  roads  have  been  ruined  by  its  improper  use.  There 
are  two  modes  in  which  chalk  may  be  advantageously 
employed  in  the  construction  of  roads.  It  may  be  laid  in 
the  very  bottom  of  the  road,  to  form  thd  foundation ;  but  it 
must  be  at  such  a  depth  as  to  be  entirely  beyond  the 
influence  of  frost,  otherwise  it  will  quickly  destroy  the 
road,  for  chalk  has  a  very  powerful  affinity  for  water ;  or 
rather,  to  speak  more  correctly,  capillary  attraction  for  it, 
in  consequence  of  which  it  readily  absorbs  all  the  moisture 
which  finds  its  way  through  the  road  covering.  Herein 
consists  the  value  of  chalk  if  judiciously  applied,  for  the 
water  thus  absorbed  would  otherwise  penetrate  to  the 
foundation  of  the  road  and  render  it  soft.  If,  however, 
the  chalk  be  placed  within  the  reach  of  frost,  the  water, 
which  is  only  mechanically  held  by  the  chalk,  will,  in  the 
act  of  congealing,  expand,  and  by  so  doing  rend  the  chalk 
into  fragments,  and  reduce  it,  in  fact,  to  a  pulverulent  state, 
in  which  condition  it  is  changed  by  the  succeeding  thaw 
into  a  soft  paste  or  mud.  The  other  purpose  for  whioli 
chalk  may  be  employed  is,  as  before  mentionodi  to  bo 
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mixed  with  gravel  in  order  to  make  it  bind ;  thougb,  in 
using  chalk  for  this  purpose,  it  is  only  required  when  the 
gravel  is  perfectly  clean  and  free  from  other  binding 
matter.  The  mixing  of  chalk  with  gravel  already  contain- 
ing suflB.cient  clay  or  loam  is  not  only  useless,  but  is  posi- 
tively injurious ;  and,  even  when  the  gravel  is  of  such 
a  nature  as  to  require  the  intermixture  of  chalk,  care 
should  be  taken  not  to  add  too  much  chalk,  for  it  is  not 
with  chalk  as  with  the  loam  or  clay,  with  which  gravel  is 
naturally  combined.  Clay,  generally  speaking,  possesses 
little  power  of  absorbing  water,  but  the  superabundant 
chalk  would  soon  be  reduced  to  the  state  of  a  soft  paste 
by  the  action  of  the  weather,  in  the  manner  which  has 
been  described.  Chalk,  therefore,  if  used  as  a  binding 
material  with  gravel,  on  the  surface  of  roads,  should  be 
reduced  to  a  state  of  powder,  and  should  be  perfectly  and 
thoroughly  mixed  with  the  gravel  before  the  latter  is  spread 
on  the  road. 

Although  the  use  of  bushes  or  bundles  of  faggots  has 
been  recommended  for  the  foundation  of  roads  over  very 
soft  or  boggy  ground,  they  should  only  be  employed  in 
such  a  situation,  and  they  should  be  placed  at  such  a  depth 
below  the  surface,  as  will  ensure  their  always  being  damp ; 
for  when  they  are  placed  where  they  would  be  alternately 
wet  and  dry,  they  quickly  become  rotten,  and  form  a  soft 
stratum  beneath  the  road. 

Note  by  the  Editor. — ^Mr.  Walker,*  in  1819,  speaking 
of  the  great  advantage  of  filling  up  or  grouting  the  joints 
of  granite  pavement  with  lime-water,  which  finds  its  way 
into  the  gravel  between  and  under  the  stones,  and  forms 
the  whole  into  a  concrete  mass,  made  a  suggestion  of  value, 
in  recommending,  for  the  same  purpose,  a  mixture  of  a 

♦  Evidence  before  the  Select  Commitke  on  the  Highways  of  the 
Kingdom,  1810. 
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littlo  of  the  borings  or  clippings  of  iron,  or  small  scraps  of 
hoop-iron,  with  the  gravel  used  in  filling  up  the  joints  of  the 
paying.  The  water  would,  he  said,  very  soon  create  an  oxide 
of  iron,  and  form  the  gravel  into  a  species  of  rock.  **  I  have 
seen,"  he  adds,  "apiece  of  rusty  hoop  taken  from  under 
water,  to  which  the  gravel  had  so  connected  itself,  for  4 
or  5  inches  round  the  hoop,  as  not  to  be  separated  without 
a  small  blow  of  a  hammer.  And  the  cast-iron  pipes  which 
are  laid  in  moist  gravel,  soon  exhibit  the  same  tendency." 
In  some  urban  districts  a  certain  amount  of  the  cleanest 
of  the  road  drift  is  not  infrequently  used  for  binding  the 
metal  of  macadamised  roads,  but  it  does  not  answer  the 
purpose  so  well  as  whaj[  is  known  as  hoggin,  and  in  the 
heat  of  summer  it  is  Uable  to  give  o£^  offensive  odours. 


CHAPTER  VI. 

ON  EfiPAIKING  AND  IMPROVING  ROADS. 

The  improvement  of  existing  roads  may  be  divided  into 
two  distinct  branches ;  namely,  the  improvement  of  their 
general  course  and  levels,  and  the  improvement  of  the 
materials  of  the  road.  The  first  of  these  consists  in  the 
application  of  the  principles  which  have  been  laid  down  for 
the  construction  of  new  roads,  and  consists  generally  in 
straightening  their  course  by  exting^shing  unnecessary 
curves  and  bends ;  improving  their  levels  by  either  avoid- 
ing or  cutting  down  hills,  and  embanking  valleys ;  increas- 
ing their  width,  where  requisite,  and  rendering  it  uniform 
throughout. 

With  regard  to  the  improvement  of  the  surface,  the 
operations  may  consist  in  reducing  the  transverse  section 
to  the  form  shown  in  Fig.  22,  page  75,  filling  up  all  ruts, 
cleansing  and  deepening,  if  necessary,  the  side  ditches, 
cutting  down  trees  or  hedges  by  the  side  of  the  road, 
removing  mud-banks  which  but  too  often  exist  on  the 
road-sides,  and  placing  proper  materials  on  its  surface. 

Of  all  these,  the  most  important  to  explain,  because  the 
most  difficult  to  efi*ect,  and  the  least  generally  understood 
is  the  method  by  which  the  condition  of  the  surface  of  the 
road  may  be  improved.  In  the  practice  of  many  surveyors, 
the  remedy  for  a  bad  road  is  to  heap  on  fresh  material ; 
whereas,  as  Mr.  Macadam  has  very  justly  observed,* 
^*  Generally,  the  roads  of  the  kingdom  contain  a  supply 

*  Parliamentary  Repoii,  1819,  p.  21. 
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of  materials  sufficient  for  their  use  for  several  years,  if 
they  were  properly  lifted  and  applied."  Generally  speak- 
ing, the  cause  of  inferiority  is  the  imperfect  transverse 
form  of  the  roads,  and  the  improper  manner  in  which  the 
road-materials   are  used.     The  remedial  measures  to  be 


adopted  must,  in  a  great  degree,  depend  upon  the  nature 
of  ffie  materials  composing,  the  upper  surface  of  the  road ; 
but,  whatever  these  mjyf,,tfi^. the -Xoad  must  be  brought. tcu~ 
the  proper  form  of  section  before  much  improvement  can 
be  expectfidn.^  This  shoidd  be  done  by  cutting  down  thosg^ 
parts  which  are  too  high,  and  raising  the  depressed  parts. 
But  where  the  surface  of  the  road  is  so  rotten  or  brittle 
that  the  materials  lifted  are  not  fit  to  be  again  used,  the 
renewal  may  be  done  gradually,  and  rather  byjhfi^  addition . 
of  fresh  material  to  the  lowest  parts.    Unless  the  materials 
of  which lEe  road  has  been  formed  are  found  to  be  brittle^ 
or  rotten,  or  to  be  already  very  thin,  the  course  to  be  pur- 
sued is  that  which  is  technically  termed  '*  lifting  the  road," 
whidi  consis_ts.mJQOsening  and.tuming  the  surface  of  .tha 
road  to  a  depth  of  about  4  in^  and  carefully  removing,  fiuch 
portions  of  the  materials-as  may  be  foiindm  an.impropar. 
state ;  such  as  large  stones,  which  should  be  broken  into_ 
pieces  of  the  proper  dimensions}  and  then  restored  to  the. 


{      road.    Where,  however,  the  materials  of  the  £oad  are  of 
such'a  nature  that  in  lifting  they  would  crumble  or  fall  to 


po w3er7  a  different  mode  of  proceeding  must  be  adopted  :_ 
the  surface  of  the  road  must  be  carefully  cleared  of  mud_^ 
and  dirt,  and  fresh  material,  prepared  as  described  in  the_^^ 
j       preceding  chapter,  should  be  laid  on  in  a  very  thin  coat,     - 
I       never  exceeding  at  one  time  3  inches,  and,  under  ordinal^ 
/        circumstances,  not  more  than  2  inches  in  thickness.    Where 

the  surface  of  a  road,  although  hard,  is  found  to  be  very. » 

thinji  it  is  necessary,  instead  of  lifting  the  old  materials,  to 

add  a  fresh  coat ;   and,  preparatory  to  doing  this^  it  is — 
well  to  loosen  the  surface  of  the  road  with  a  pick,  so  that — 


ON   REPAIRING  AND  IMPROVIKG   ROADS.  95 

the  new  material  may  become  more  rapidly  incorporated 
witEHre  old  material. 

Autumn  is  the  best  season  of  the  year  for  repairing 
roads,  when  they  are  in  a  wet  state,  for  the  depressed  and 
soft  parts  of  the  road  are  then  not  only  the  most  readily 
detected,  but  the  surface  of  the  road  is  softer,  and  the  new 
materials  are  more  easily  worked  into  it.  As  was  obseryed, 
the  quantity  laid  on  at  one  time  should  never  exceed 
3  inches  in  depth ;  and,  generally  speaMng,  a  half,  or  even 
a  third,  of  this  thickness  would  suffice,  if  judiciously  em- 
ployed. It  is  certain  that  roads  are  more  frequently  spoilt 
by  having  too  much  material  put  upon  them  than  by  having 
too  little.  On  this  subj  ect  Mr.  Fenfold,  whose  experience  in 
road-making  cannot  be  questioned,  remarks: — ^'It  is  one 
g£  the  greatest  mistakes  in  road-making  that  can  be  com- 
mitted, to  lay  on  thick  coats  of  materials,  and  when  imder- 
stood,  it  will  no  longer  be  resorted  to.  K  there  be  substance 
enough  already  in  the  road,  which,  indeed,  should  always 
be  carefully  kept  up,  it  will  never  be  right  to  put  on  more 
than  a  stone's  thickness  at  a  time.  A  cubic  yard,  nicely 
prepared  and  broken,  as  before  described,  ta  a  rod  super* 
ficial,  wiU  be  quite  enough  for  a  coat,  and  will  be  found  to 
last  as  long  as  double  the  quantity  put  on  unprepared  and 
in  thick  layers.  There  is  no  grinding  to  pieces  when  so 
applied ;  the  angles  are  preserved,  and  the  material  is  out 
of  sight  and  incorporated  in  a  very  little  time.  Each  stone ' 
becomes  fixed  directly,  and  keeps  its  place :  thereby  escap- 
ing the  wear  and  fretting  which  occur  in  the  other  case."* 

Although  autumn  is  the  best  time  of  the  year  for  repair- 
ing roads,  it  is  not  to  be  assumed  that  it  is  the  only  season 
for  executing  repairs.  Beads  should,  so  to  speak,  be 
always  under  repair :  every  road  should  be  divided  into 
lengths,  on  each  of  which  an  intelligent  labourer,  who 

*  '*  A  Practical  Treatise  on  the  best  Mode  of  l^taking  and  Kepairixig  ' 
Boads,'  p.  Id. 
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tkorouglily  understands  his  business,  should  be  placed,  to 
attend  constantly  and  at  all  times  to  the  state  of  the  road, 
for  which  he  should  be  held  responsible.  His  duty  should 
consist  in  keeping  the  road  always  scraped  clean  and  free 
from  mud,  in  filling  any  ruts  or  hollow  places,  the  moment 
they  make  their  appearance,  with  broken  stones.  A  supply 
of  broken  stones  should  bo  kept  in  depots  or  recesses  formed 
at  the  sides  of  the  road  at  intervals  of  a  quarter  of  a  mile. 
The  depots  should  be  capable  of  containing  about  30  cubic 
yards  of  material,  and  should  be  formed  with  walls,  so 
that  the  quantity  of  material  in  them  can  be  easily  mea- 
sured. Each  man  should  be  provided  with  a  wheelbarrow, 
a  shovel,  a  pickaxe,  and  a  scraper.  As  autumn  approaches, 
additional  labourers  should  be  engaged ;  but  the  constant 
labourers  should  alone  be  responsible  for  the  good  order  of 
the  road. 

Not  only  should  the  mud  formed  in  wet  weather  be 
carefully  scraped  off  from  the  surface  to  the  sides,  and  re- 
moved altogether  as  soon  as  it  becomes  sufficiently  solid, 
but  in  dry  weather  the  roads  should  be  constantly  and 
regularly  watered.  After  a  long  season  of  drought,  the 
surface  of  a  road  becomes,  as  it  were,  baked :  and  in  this 
state,  being  brittle,  it  is  quickly  injured  and  worn  to  dust 
by  constant  traffic.  But  a  regular  and  moderate  supply  of 
water  entirely  obviates  this  undue  wear,  and  preserves  the 
road  in  a  proper  state.  Care  should  be  taken  that  the 
water  is  properly  applied,  as  much  injury  may  be  done  by 
the  water  being  discharged  in  too  great  quantity,  or  un- 
evenly distributed.  The  manner  in  which  the  water 
should  be  poured  upon  the  road  should  resemble,  as  nearly 
as  possible,  a  gentle  shower  of  rain.  The  system  of  water- 
ing roads  in  particular  conditions,  even  in  winter,  has  been 
practised  with  advantage,  as  is  shown  by  the  following  ex- 
tract from  the  evidence  of  Mr.  Benjamin  Farey,  siUTcyor 
of  the  Whitechapel  Eoad,  before  the  Committee  of  tho. 
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House  of  Commons :— '^  The  wheels  stick  to  the  materials, 
in  certain  states  of  the  road,  in  spring  and  autumn,  when 
it  is  between  wet  and  dry,  particularly  in  heavy  foggy 
weather,  and  after  a  frost ;  by  which  sticking  of  the  wheels 
the  Whitechapel  Eoad  is  often,  in  a  short  time,  dreadfully 
torn  up  and  loosened ;  and  it  is  for  remedying  this  evil 
that  I  have,  for  more  than  eight  years  past,  occasionally 
watered  the  road  in  winter.  As  soon  as  the  sticking 
and  tearing-up  of  the  materials  is  observed  to  have  com- 
menced, several  water-carts  are  employed  upon  these  parts 
of  the  road,  to  wet  the  loamy  and  glutinous  matters  so 
much  that  they  will  no  longer  adhere  to  the  tire  of  the 
wheels,  and  to  allow  the  wheels  and  the  feet  of  the  horses 
to  force  down  and  again  fasten  the  gravel-stones;  the 
traffic,  in  the  course  of  from  four  to  twenty  hours  after 
watering,  forms  such  a  sludge  on  the  surface  as  can  be 
easily  raked  off  by  wooden  scrapers,  which  is  performed,  as 
quickly  as  possible ;  after  which,  the  road  is  hard  and 
smooth.  The  advantages  of  this  practice  of  occasional 
winter-watering  have  been  great ;  and  it  might,  I  am  of 
opinion,  be  adopted  with  like  advantages  on  the  other 
entrances,  into  London,  or  wherever  else  the  traffic  is  great, 
and  the  gravel-stones  are  observed  to  be  torn  up  by  stick- 
ing to  the  wheels."* 

Proceeding  with  a  description  of  the  tools  or  implements 
employed  in  the  construction  and  repair  of  roads,  the  most 
important  of  these  is  the  level  or  plummet-rule  used  for 
forming  the  true  transverse  section  of  the  road.  It  is 
shown  in  Fig.  26,  and  consists  of  a  horizontal  straightedge 
or  bar  A  o,  having  in  the  centre  of  its  length  a  plummet 
D,  for  ascertaining  when  the  straightedge  is  horizontal. 
Thus  far  it  exactly  resembles  an  ordinary  bricklayer's 
level.  A  line  is  drawn  near  the  end  a  of  the  bar,  and  at 
every  4  feet  from  this  line  a  gauge  («,  h,  e,  d,)ia  fixed  in  a 

*  Parliamentary  Report,  1819,  p.  40. 
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doretailed    groove,    ia 
such  a  way  as  to  be  ca- 
pable of  being  moved 
up  or  down,   eo  as  to 
adjust  the  depQis  of  its 
lower    end    below   the 
horizontal  line   of   the 
bottom  of  the  Btrmght 
edge ;    and   there   are 
thumb  Bcrews   (one  of 
which  is  shown  on  an 
enlarged  scale  in  Fig. 
27)     passing     through 
each  gauge,  by  tighten- 
^  ing  which   the    gauge 
g  can  be  fixed  when  so 
■s  adjusted.      When    the 
g  bottoms  of  the  gauges 
^  a,  b,  e,  and  d,  have  been 
8  adjusted  as   shown  in 
K  rig.  26,  tiiey  will  co- 
incide with  the  surface 
recommended     to     bo 
given  to  a  toad  30  feel 
in  width,  and  such 
shown  in  Fig.  22 ;  and, 
in   order   to    ascertain 
whether  the  surface  oi 
any  existing  road  is  con- 
structed to  the  proper 
inclination    and    form, 
it  ia  only  requisite  to 
apply  the  level,  which, 
when  placed   perfectly 
horizontal,  by  means  of 


INSTRUMENTS. 


99 


tlio  plummet  d,  should  rest  upon  the  road  at  the  lower 
extremity  of  each  of  the  gauges,  a,  h,  e,  and  d.  For 
forming  the  sides  of  roads  of  greater  width  than  30  feet, 
it  would  be  convenient  to  have  a  level  constructed  in  the 
manner  shown  in  Fig.  28,  in  which  a  straightedge  about 
15  feet  long,  has  a  plummet  at  the  centre  of  its  length, 
80  adjusted  that  when  hanging  truly  in  its  place,  the  lower 

Inches. 
10    987664321 


Tig,  27.— Gatigs. 

side  of  the  straightedge  should  be  inclined  from  a  hori- 
zontal line  at  the  rate  of  1  in  30. 

The  pick  used  for  lifting  the  surface  of  roads  is  shown 
in  Fig.  29.  The  bent  iron  head  {a  h)  should  weigh  about 
ten  pounds,  having  a  large  eye  in  the  centre  (c),  in  which 
is  fitted  the  handle,  which  should  be  of  ash,  rather  more 
than  2  feet  in  length ;  one  extremity  (a)  should  be  formed 


Tig.  38.— Plummet  Rule.    Inolination  1  in  80. 

like  the  end  of  a  chisel,  while  the  other  (h)  should  terminate 
in  a  blunt  point.     Both  ends  should  be  tipped  with  steel. 

The  most  useful  foi-m  of  shovel  for  road  purposes  is  shown 
in  Fig.  30.  The  blade  should  be  somewhat  pointed,  and 
the  handle  bent,  so  as  to  enable  the  person  using  it  to 
bring  the  blade  flat  upon  the  surface  of  the  road  without 
excessive  stooping. 

The  ordinary  wheelbarrows  are  of  ash  or  elm,  with  cast- 
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iron  wheels ;  but  thej  may  be  made  of  wrought  iron, 

which  would  combine  strength  and  durability  with  light- 

n  nes8.     Of  whatever  material  they  are  coa- 

H  structed,  they  should  not  exceed  9  inches  in 

H  depth,  and  their  sides  shoitld  be  splayed 

y  with  a  slope  of  2  to  1.    It  is  also  desirable 

H  to  have  hooks  placed  on  their  sides  to  re- 

n  ceive  a  shovel  and  a  pick. 

^      J  The  tcremu,  or  tievei,  employed  for  sepa- 

i^*^^^^,  rating  coarse  gravel  from  hoggin  or  small 

Fig.  w.~Pii4.     gr^'el,  consist  of  iron  wires  or  slender  rods, 

placed  at  equal  distances  apart,  and  fixed  in  a 

frame  of  wood,  the  sides  of  which  are  raised  about  5  inches 

above  the  plane  of  the  wires.   In  the  screens  the  frames  are 

rectangular,  about  5  feet  6  inches  in  height 

and  3  feet  wide,  and  the  wires  are  stretched 

in  the  direction  of  its  length  at  distances 

varying  from  i  inch  to  IJ  inch,  according 

to  the  size  of  the  stone  required ;  and  these 

wires  are  kept  in  place  by  others  crossing 

them  at  intervals  of  5  or  6  inches.     When 

used,  they  are  placed  so  that  the  plane  of 

the  wires  is  inclined  about  30°  from  the 

upright,   and   the  gravel  to  be   screened 

being  dashed  or  thrown  forcibly  against 

them,  the  finer  particles  pass  through  and 

I  fall  on  the  further  side  of  the  screen,  while 

'  the  large  stones  roll  down  its  surface  and 

fall  on  the  nearest  side.    The  sieves  are 

somewhat  different  in  fonn :   the  frame  is 

circulEtr,  forming  a  cylinder  about  6  inches 

Fig.  so.-BboreL    ^°  depth  and  20  inches  in  diameter,  and 

the   wires   placed    either  as   already    de- 

.sijribed  or   equally   close   in   both   directions,   forming  a 

:  :kind  of  bottom  to  the  cylinder.    The  sieve  is  held  hori- 
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sontallj  by  one  man;  wliile  the  other  throws  into  it  a 


Iron, 
2\U. 


Gfini, 


1  inoh  diameter  by  |.   Total  Leogtlu  If  foot. 
Jig.  81.— Hammet. 

Bhovelfol  of  grayel;  upon  shaking  the  sieve,  the  find 
hoggin  falls  through,  leaving  the  stones 
in  the  sieve,  which  are  then  thrown  by 
the  man  into  anything  which  may  be 
placed  to  receive  them.  This  is  gene- 
rally the  best  and  cheapest  mode  of 
screening  gravel. 

The  hammers  generally  employed  for 
breaking  stones  are  of  two  sizes,  and  are 
shown  in  Figs.  31  and  32.  The  handles 
should  be  of  straight-grained  ash,  and  the 
iron  heads  of  the  weight  and  form  shown 
in  the  drawings;  the  faces  should  be 
spherical,  and  case-hardened  or  steeled. 

Fig.  33  represents  the  ring  to  be  used 
for  testing  the  size  of  the  broken  stones. 
Its  internal  diameter  is  2^  inches,  and  the 
largest  stones  should  in  all  positions  be 
passable  through  the  ring. 

Fig.  34  represents  a  pronged  fork,  to  be 
used  instead  of  a  shovel  for  taking  up  the 
stones  to  throw  upon  the  road.  The  ad- 
vantages attending  its  use  are,  that  a  man 
can  take  up  the  stones  much  more  quickly 
and  more  easily  than  with  a  shovel,  free 
from  dirt  and  extraneous  matter.  ^*     ~ 

It  is  advantageous  to  roll  the  surface  of  new  roads,  in 


I 
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cnrder  to  couBolidate  the  material ;  and  toi  this  purpose  a 
oa&t-iroa  roller  is  usually  employed,  about  S  feet  mde, 
4  feet  in  diameter,  and  weigliing  about  4  tons. 

The  rata,  whicli  should  be  employed  in  filling  in  mto 
and  hollow  places  in  the  surface  of  roads,  should 
be  formod  with  prougs  between  2  and  3  inchea 
in  length,  fixed  at  tho  distance  of  three- 
quarters  of  an  inch  apart,  into  a  wooden  head 
about  U  inches  in  length.  The  handles 
should  be  formed  of  ash,  and  should  be  about  , 
6  feet  in  length. 

Seraperi  are  indispensable  for  preserving  roads  in  k 
proper  state  and  &ee  &om  mud.  They  are  usually  oon- 
itructed  of  wood  shod  with  wrought  iron ;  but  it  is  better 


Jig.  M.— Prongea  Forlc 

to  make  them  entirely  of  iron.  They  should  be  6  inches  in 
depth,  and  about  18  inches  iu  length,  and  slightly  curved  at 
each  extremity  to  prevent  the  escape  of  mud  at  each  side. 
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Scraping  machines  have  been  inyented,  and  are  yery 
generally  employed,  by  means  of  wbich  the  surface  of  a 
road  may  be  scraped  much  more  reg^arly  and  quickly 
than  with  the  old  scrapers.  They  consist  of  a  number  of 
iron  scrapers,  attached  to  a  frame  mounted  on  wheels, 
which  are  so  placed  that,  when  the  body  of  the  machine  is 
raised  somewhat,  the  wheels  are  lifted  from  the  ground, 
and  the  whole  weight  of  the  machine  is  thrown  upon  the 
scrapers,  which,  upon  the  machine  being  drawn  across  the 
road,  scrape  all  the  mud  icom.  its  surface,  and  carry  it  to 
the  sides. 

A  machine  has  also  been  invented  by  Mr.  [now  Sir 
Joseph]  Whitworth,  of  Manchester,  which  has  been 
extensively  employed,  both  there  and  in  London,  for 
sweeping  up  the  mud  from  the  roads  and  carrying  it 
away  at  once.  It  consists  of  a  species  of  endless  broom, 
passing  round  rollers  attached  to  a  mud  cart,  and  so 
connected  by  cogged  wheels  with  the  wheels  of  the 
cart  that,  when  the  latter  is  drawn  forwards,  the  broom 
is  caused  to  revolve,  and  sweeps  the  mud  from  the 
surface  of  the  road,  up  an  inclined  plane,  into  the  cart.  The 
machine  is  drawn  by  one  horse ;  and,  by  its  aid,  the  roads 
are  swept  much  more  rapidly  and  better  than  by  the  old 
system  of  scraping,  and  with  less  injuiy  to  the  surface  of 
the  road,  and  less  annoyance  to  the  passengers. 


CHAPTEE  VU. 
ON  HEDGES  AND  FENCES. 

Iir  moot  situations,  fences  are  required  to  mark  the  boun- 
daries of  roads,  and  separate  them  from  the  adjoining 
lands.  They  shoidd  be  dispensed  with  wherever  it  is 
possible,  for  the  reason  that  fences,  of  whatever  kind, 
deprive,  to  a  greater  or  less  extent,  the  surface  of  the  road 
of  the  benefit  of  free  exposure  to  the  action  of  wind  and 
sunshine,  both  of  which  are  essential  for  maintaining  it  in 
a  dry  state.  Few  persons  are  aware  of  the  extent  to 
which  a  road  may  be  injured  by  high  hedges,  or  lines  of 
trees.  Trees  are  w^se  than  hedges,  because  they  not 
only  deprive  the  road  of  the  action  of  the  air  a^djun^  but 
they  further  injure  it  by  the  drippinjp:  of  rain  from  their 
leaves,  as  a  consequence  of  which  the  road  is  kept  in 
a  wet  state_long  after  it  would  otherwise^a^eHbecomV 

When  fences  are  indispensable,  theyjhpuldjbe_placed 
as  far  as  may^be  from  the  sides  of  the  road,  and  should-be 
kept  as  low  as  possible.  Wh^  there  is  a  deep  ditch  on 
either  side  of  the  road,  it  becomes  necessary,  to  prevent 
accident,  thatjhe^fence~should  be  placedjbetween  the  road 
and  the  ditchj  but,  in  other  situations,  the  fence  should 
be  placed  on  the  field-side  of  the  ditch.  In  so  doing,  the^ 
surface-draining  of  the  road  into  the  side  ditches  is  less 
interfered  with,  and  the  action  of  air  and  sunshine  is  less 
obstructed  by  the  fence. 

The  different  descriptions  of  fence  which  may  be  em* 


HEDGES  AND    FENCES.  105 

ployed  are  yarioiis.  Indistricts  where  stone  is  ^enfcifu}, 
and  especially  in  the  immediate  neighbourhood  of  quarries, 
where  stone  rubble  can  be  obtained  at  a  triflin£_coBt,  diy 
rubblerwaUs^^ittout^  mortar,  are  very  good  and  cheap, 
and  require  little  or  no  repair.  ^      ~~' 

For  the  road  itself,  an  open  post-and-rail  fence  is  the 
best  which_^can  be  employed^  becauseit  scarcelyuipedes 
the  action  of  the  wind  and  the  sun  upon  the  surface  of  the 
road  ;  butjthe  great  practical_objeGtiQSjto^Jimber  fetices 
is,  their  liability  to  decay,  which  occasions  frequent  and 
constant  expense  for  renewal. 

The  most  conunon,  and,  all  thinfflt  considered,  the  most 
useful,  fence  is  the  quickset  hedge.  If  properly  planted, 
and  carefully  attended  to  for  the  £rst  few  years,  a  natural 
fence  may  thus  be  obtained,  sufficiently  strong  to  resist 
the  efforts  of  cattle  to  break  through,  and  yery  economical 
in  cost  for  maintenance.  ^Abankor  mound  <^  earth,  at_ 
least  two  feet  in  depth,  should  be  prepared  for  the  recep- 
tion  of  the  quicks,  which  should  be  three-years  plants 
which  haye  been  transplanted  two  years.  The  best  kind 
of  soil  is  one  of  a  light  sandy  nature,  admitting  sufficient 
ffioisture  to  nourish  the  plants,  and  retaining  moisture  in 
dry  seasons.  Heayy  day^soUs^are  not  sufficiently  peryious 
towater,  and  plants  placed  in  such  soils  are  neyer  foimd 
'  to  thrive.  A  mixture  of  peat  or  of  rotten  leaves  is  of  great 
use,  and  causes  the  plants  to  grow  with  much  vigour. 
The  quicks  are  most  commonly  planted  in  a  single  row,  at 
distances  of  about  4  innhfta  apart^  But  a  much  better  hedge 
is  formed  by  planting  them  6  inches  apart,  in  a  double 
row,  as  shown  in  Eig.  35,  with  a  space  of  6  inches  be- 
tween the  rows, 

o      o      o      o      0 
o     o     o     o     o     o 

Fig.  86.— Planting  Hedges. 

and  so  arranged  that  the  plants  in  one  row  are  opposite 
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the  spaces  ,in  the  other.  By  this  arrangement,  although 
the  plants  are  really  not  so,  crovdedp  and  have  more  space 
round  their  roots  from  which  to  derive  nourishment  than 
in  the  single  row,  they  form  aj^ckOT  hedge.  The  proper 
time  for  planting  quicks  is  during  the  autimin  or  the  spring, 
and,  in  fine  seasons,  the  operation  may  be  continued  during* 
thei  whole  winter.  A  temporary  fence  should  be  put  up 
protect  the  jToung  plants  from  injury ;  and  the  fence  should 
be  retained  until  the  hedge  has  attained  sufficient  strength 
to  require  its  protection  no  longer :  at  the  end  of  a  period, 
under  favourable  circumstances,  of  three  or  foTir  yea;^  after 
jJTfljQTijfiTrg^  fl-ro  p1flTif.ftf!.  That  the  plants  may  thrive,  they 
must  be  veir  carefully  attend fifl  tn  at  ^rtit^  and  it  is  essen- 
tial that  they  should  be  properly  cleaned  and  weeded  at 
least  twice  every  year.  Once  every  year,  towards  the  end 
of  the  summer,  the  hedge  should  be  jiKJici^naly  bnTrmnftdj 
not  to  such  an  extent  as  to  produce  stunted  plants,  but  by 
merely  cutting  off  the  upper  and  more  straggling  shoots, 
so  as  to  bring  it  to  a  level  and  even  surface.  By  proceed- 
ing in  this  manner,  a  neat,  strong,  and  compact  hedge 
of  healthy  plants  wiU  be  obtained  in  about  three  years 
after  planting. 

When  the  hedge  or  fence  is  placed  between  tiiejoad  jtnd 
the  side  ditches,  it  is  essential  that  small  d?ains  be  formed 
at  least  every  fiftftfln  yardg^^  convey  the  water  from  the 
side  tables  or  gutters,  through  the  fence,  into  the  ditches^^ 

Professor  Mahan  insists  that  fences  and  hedges  should 
not  be  higher  than  5  feet ;  and  that  no  trees  should  be 
suffered  to  stand  on  the  road-side  of  the  side  drains,  for, 
independently  of  shading  the  roadway,  their  roots  would 
in  time  throw  up  the  road-covering. 

Note  by  the  Editor. — Sir  John  Macneil  proved  experi- 
mentally, on  the  Holyhead  Eoad,  the  unfavourable  in- 
fluence of  dose   and  high  hedging  in  interfering  with 
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what  maybe  called  the  ventilation  of  a  road : — ^keeping  it 
moist,  and  incurring  excessive  draught.  By  means  of  his 
experiments  on  tractional  resistance,  the  trustees  and  the 
surveyors  of  the  roads  **have,"  he  said,  "perceived  the 
defective  parts  of  the  road ;  and  within  three  months  after 
the  Report  of  the  Parliamentary  Commissioners  became 
public,  there  was  not  a  hedge  on  that  part  of  the  road 
where  the  draught  was  shown  to  be  excessive,  that  was 
not  cut  down,  and  improved  on  the  surface."* 

Mr.  "Walker  had  previously,  in  1819,  remarked  that 
nothing  is  more  injurious  to  roads  than  the  permitting  of 
high  hedges  and  plantations  near  them.f 

Much  useful  information  pertinent  to  the  art  of  hedge 
making,  including  instructions  for  the  formation  of  new 
hedges,  and  for  the  preservation  and  restoration  of  old 
hedges,  and  a  very  lucid  account  of  the  method  adopted  in 
the  management  of  the  Midland  Railway  Company's 
hedges,  will  be  found  in  a  little  pamphlet  by  Mr.  W.  J. 
Maiden.  J 

♦  Eeport  of  the  Select  Committee  on  Steam  OarriageB,  1831 ;  p.  103. 

t  Eeport  of  the  Select  Committee  on  the  Highways  of  the 
KiDgdom,  1819. 

%  "Hedges  and  Hedge  Making."  I5y  W.  J.  Maiden.  London: 
John  Murray. 


OHAPTEE  YUL 

PAVED  ROADS  AND  STEEETS. 

Fob  roads  or  streets,  through  towns  or  cities  where  the 
traffic  is  considerable,  a  paved  surface  is  preferable  to  a 
macadamised  surface.  Macadcimised  roads  in  such  situa- 
tions are  exposed  to  incessant  and  heavy  traffic,  their  sur- 
face is  rapidly  worn,  and  it  requires  constant  repair,  and 
much  attention  in  scraping  or  sweeping,  or  in  raMng-in 
ruts.  The  cost  of  maintenance  is  very  heavy,  whilst  there 
are  frequent  interruptions  of,  or  interference  with,  traffic. 
In  dry  weather,  the  macadamised  road  is  dusty,  and  in 
wet  weather  it  is  covered  with  mud.  The  only  advantage 
which  such  a  road  really  possesses  over  a  pavement  con- 
sists in  the  less  noise  produced  by  carriages  in  passing 
over  it. 

Several  different  methods  have  been  employed  of  forming 
the  foundations  of  pavements,  such  as  concrete  and  broken 
stone ;  but  where  it  can  be  done,  it  is  perhaps  best  to  lay 
the  new  pavement  on  the  old  surfcu^e  of  the  road,  whether 
paved  or  macadamised,  taking  care,  of  course,  that  its  sur- 
face has  been  brought  first  to  an  even  state,  and  of  the 
required  form  of  cross  section. 

The  practice  of  laying  the  new  pavement  on  the  top  of 
the  old  has  been  a  great  deal  used  in  Paris,  and  has  there 
been  found  to  answer  extremely  well.  It  is  usual  to  take 
up  and  relay  the  old  pavement,  in  order  that  its  surface 
may  be  even  and  true;  after  which  it  is  covered  with 
gravel,  on  which  the  new  stones  are  bedded.    Mr.  Telford 
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strongly  recommended  the  surface  upon  whioh  the  pave- 
ment was  intended  to  be  laid  to  be  prepared  as  though 
intended  for  a  macadamised  road,  and  that  it  should  be 
used,  in  that  state,  by  carriages  until  it  had  become 
thoroughly  consolidated;  when* the  pavement  should  be 
laid  on  the  top  of  the  hard  road  so  formed,  the  stones 
being  properly  bedded  in  a  kind  of  coarse  mortar.  Mr. 
Edgeworth,  in  his  work  on  roads,  states  that  this  method 
of  forming  paved  roads  had  been  extensively  employed  in 
Dublin,  and  was  attended  with  considerable  success. 

In  constructing  a  paved  road  or  street,  the  following 
method  should  be  employed  for  forming  the  foundation. 
The  loose  ground  at  the  surface  should  first  be  entirely 
removed.  The  depth  to  which  it  may  be  requisite  to  do 
this  depends  upon  the  nature  of  the  ground ;  and,  unless 
the  ground  be  very  solid,  it  should  be  removed  to  such 
a  dei>th  as  will  allow  of  18  inches  of  concrete  beneath  the 
pavement.  In  some  situations  so  great  a  thickness  as 
this  may  not  be  requisite;  but  it  is  better  to  err  rather 
in  forming  too  strong  a  foundation,  than  in  forming  one 
the  failure  of  which  necessitates  the  taking  up  and  relaying 
of  the  pavement.  When  the  loose  ground  has  been  re- 
moved, a  layer  of  concrete,  prepared  in  the  manner  already 
described  at  page  83,  should  be  evenly  spread  over  the 
whole  area  of  the  intended  road.  The  depth  of  concrete 
should  never  be  less  than  12  inches ;  and,  under  ordinary 
circumstances,  it  should  not  be  less  than  18  inches.  Its 
upper  surface  should  have  the  true  form  of  cross  section 
intended  to  be  given  to  the  road. 

The  stone  sets  should  be  well  bedded  upon  the  concrete 
in  a  kind  of  coarse  mortar,  which  should  also  be  well  filled 
in  between  their  joints.  For  the  sets,  several  of  the 
harder  kinds  of  stone  are  used,  such  as  granite,  whinstone, 
and  the  very  hardest  varieties  of  limestone  and  freestone. 
Of  all  materials,  granite  is   the  best  for  sets,  and  more 
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particularly  those  kinds,  such  as  the  Guernsey  and  Aber- 
deen,  which  do  not  wear  smooth  and  acquire  a  polished 
surface.  Smooth  wear  is  a  great  practical  objection  attend- 
ing the  employment  of  excessively  hard  stone.  With  regard 
to  the  form  of  the  stones,  experience  has  shown  that  the 
best  form  is  that  of  rectangular  blocks,  from  7  to  9  inches  in 
depth,  depending  on  the  amount  and  nature  of  the  traffic, 
and  not  more  than  3  or  4  inches  in  width.  Until  lately,  it 
was  considered  better  to  have  stones  of  much  greater  width, 
under  the  supposition  that,  having  a  larger  base,  they  would 
be  better  able  to  support  the  superincumbent  weight,  but 
experience  has  shown  that  the  narrow  stones  are  much  the 
better.  The  stones  should  be  sorted  according  to  their 
depths  and  widths:  for,  if  the  stones  are  of  unequal  depth, 
and  the  surface  of  the  concrete  has  been  made,  as  it  should 
be,  even  and  parallel  to  the  intended  surface  of  the  road, 
any  stones  less  than  the  general  depth  would  require  more 
mortar  to  be  placed  under  them,  and  would  consequently 

settle  down  more  than  the  others, 
and  form  hollows  on  the  surface  of 
the  road.  They  should  also  be  sorted 
according  to  their  width,  so  that  they 
may  run  entirely  across  the  street 
Fig.3e.-Piano£Payement.    ^  parallel    courses,  as    showu  in 

Fig.  36,  and  the  stones  in  each  course  should  be  so  seledied 
as  to  break  joint  with  those  in  each  adjoining  course,  as 
there  shown. 

A  firm  and  substantial  curb  should  be  laid  on  each  side 
of  the  road,  to  act  as  an  abutment;  and,  in  laying  the  pave- 
ment^ the^  courses  should  be  commenced  at  each  side,  and 
worked  towards  the  middle ;  the  joints  between  the  stones 
of  each  course  should  be  as  thin  as  possible,  and  ^e  last 
stone  should  fit  tightly^  so  as  to  form  a  kind  of  key  to  the 
couTBe.  After  the  stones  have  been  set  they  should  be  well 
rammed  Aow"  ^^t^^  hftavy  punnery  and  stones  which  sink 
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below  the_general  level  should  he  taken  up.  an4  rft-pflfilrfiii 
underneath.  It  is  not  usual  to  incur  the  expense  of  bed- 
ding  the  stones  in  mortari  in  the  manner  here  recom- 
mended. The  ordinary  practice  is  to  pour  a  thin  grouting 
of  sand  and  lime  over  the  surface,  after  the  pavement  has 
been  laid,  which  finds  its  way,  although  very  imperfectly, 
into  the  interstices  between  the  stones.  But,  this  is  mis- 
taken economy,  for  a  pavement  laid  as  here  described,  upon 
a  firm  concrete  foimdation,  and  having  the  joints  perfectly 
formed  with  good  mortar,  would  last  almost  for  over, 
since  nothing  else  than  the  positive  wearing  away 
and  destruction  of  the  stone  would  render  its  renewal 
necessajy. 

.  Paved  roads  should  be  watched  for  a  few  months  after 
having  been  opened  for  traffic,  in  order  to  prevent  irre- 
g^ar  settlement  in  the  stones,  and  consequently  an  uneven 
and  irregular  surface.  When  any  portion  of  the  road  is 
foimd  to  settle  below  the  general  level,  it  should  be  taken 
up,  and  a  sufficient  quantity  of  fine  concrete  put  under- 
neath it  to  bring  it  slightly  above  the  level  of  the  sur- 
rounding surface.  Great  attention  should  be  given  to  the 
mgmer  in  which  the  pavement  is  re-laid  after  ha^g  been 
disturbed  for  the  repair  of  sewers,  water -pipes^orgagh. 


pipes ;  the  excavated  ground,  when  thrown  back,  should 


be  well  punned,  or  beaten  down  in  layers  of  not  more  ihan 
afootin^^^fa^QSS,  and  at  least  18  inches  of  concrete  should 
be  laid  on  the  top,  under  the  pavements  Th^  sarface  of 
the  fresh  concrete  should  be  about  an  inch  above  the 
general  level  of  the  concrete,  and  the  stones  should  be 
properly  bedded  in  the  m^ier  already  described,^  care 
beigg  taken  that  the  stones  correspond  in  depth  and  width 
with  those  already  in  place  on  either  side,  and,  further- 
more, that  the  last  stone,  in  making  good  each  course,  fits 
tightly  into  its  place._ 

In  laying  pavement  in  streets  having  a  considerable 
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inclination,  two  methods  have  been  employed  to  afford  a 
more  sure  and  perfect  hold  for  the  horses'  feet  than  the 
ordinary  pavement.  The  first  method  is  shown  in  Fig.  37, 
and  consists  in  laying  between  the  rows  of  paving-stones 
?  Vr^insr^r^yr\  ^  course  of  slate,  rather  less  than  an 

inch  in  thickness,  and  about  an  inch 

less  in  depth  than  the  stones.     By  this 

Pavement  on  indines.    means   a  series  of  small  channels  or 

grooves,  about  an  inch  in  width  and  depth,  are  formed 

between  the  rows  of  stones,  which  affords  sufficient  stay 

for  the  horses'  feet.      The  other  method  is  somewhat 

simpler,  and  consists  in  merely  placing 

the  ordinary  paving-stones   somewhat 

„.   ^„  canted    on  their  beds,    as    shown    in 

Kg.  38.  ' 

Pavement  on  Indines.  Fig.  38,  SO  as  to  form  a  series  of  Icdgcs 
or  steps,  against  which  the  horses'  feet  being  planted,  a 
secure  footing  is  obtained. 

Roadways  and  streets  in  cities  must  be  accompanied  by 
sidewalks,  and  crossing-places,  for  foot-passengers.  The 
sidewalks  are  made  of  large  flat  flag-stones,  3  inches  thick, 
laid  on  the  ordinary  ground,  or  on  gravel,  well  rammed 
and  settled.  The  proper  width  of  the  sidewalks  depends 
on  the  amount  of  the  traffic.  It  would,  in  all  cases,  be  well 
to  have  them  at  least  12  feet  wide;  they  are  laid  at  a  slope, 
or  pitch,  of  1  inch  to  10  feet,  towards  the  pavement,  to  convey 
the  surface-water  to  the  side  channels.  The  pavement 
is  separated  from  the  sidewalk  by  a  row  of  long  slabs, 
termed  curb-stones,  which  confine  both  the  flagging  and 
the  paving-stones.  They  are  usually  about  12  inches  by 
from  6  to  10  inches  in  section,  and  they  are  laid,  in  some 
eases,  on  their  side,  in  other  cases  on  edge.  They  form  the 
sides  of  the  side  channels,  and  they  should  for  this  purpose 
project  a  few  inches  above  the  outside  paving-stones,  and 
be  simk  at  least  4  inches  below  their  upper  surface. 
^The  curb-stones  are    flush  with    ihQ    upjper  surface   of 
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the  sidewalks,  to  allow  water  to  run  over  into  the  side 
channels. 

The  crossings  should  be  from  4  to  6  feet  wide,  and 
slightly  raised  above  the  general  surface  of  the  payomont, 
to  keep  them  free  from  mud. 


CHAPTER  IX. 

ON  TAKING  OUT  QUANTITIES  FOR  ESTIMATES. 

The  process  of  making  out  an  estimate  for  any  description 
of  engineering  work  may  be  divided  into  two  distinct  parts ; 
namely,  in  the  first  place,  calculating  the  actual  quantity  of 
each  description  of  work  to  be  executed ;  and,  in  the  second 
place,  affixing  to  these  quantities  just  and  reasonable 
prices,  such  as  the  work  might  really  be  executed  for. 

In  the  construction  of  roads,  the  principal  item  of  ex* 
pense  is  the  earthwork,  or  the  cost  of  forming  the  cuttings 
and  embankments  to  obtain  the  required  levels  for  the 
formation  service,  iu  excavating  the  ditches  and  forming 
the  banks,  and  in  laying  on  the  metalling  or  ballast  to 
form  the  road.  Of  these  different  descriptions  of  work,  the 
first,  namely,  the  cuttings  and  embankments,  are  the  only 
ones  the  estimation  of  the  quantity  of  which  is  attended 
with  any  difficulty.  The  others,  being  generally  constant, 
are  readily  obtained  by  ascertaining  the  quantity  in  a 
given  length,  as  a  yard,  and  then  multiplying  that  quan- 
tity by  the  total  length  of  the  road. 

In  the  calculations  of  solid  contents  required  in 
balancing  the  excavations  and  embankments,  the  most 
accurate  method  consists  in  subdividing  the  different  solids 
into  others  of  the  most  simple  geometrical  forms,  as  prisms, 
prismoids,  wedges,  and  pyramids,  whose  solidities  are 
readily  determined  by  the  ordinary  rules  for  the  mensu- 
ration of  solids.  As  this  process,  however,  is  frequently 
long  and  tedious,  other  methods  requiring  less  timOi  but 


ESTIMATES.  115 

not  so  accurate,  are  generally  preferred,  as  their  results 
give  an  approximation  sufficiently  near  the  true  for  most 
practical  purposes.  They  consist  in  taMng  a  number  of 
equidistant  profiles,  and  calculating  the  solid  contents  be- 
tween each  pair,  either  by  multiplying  the  half  sum  of 
their  areas  by  the  distance  between  them,  or  else  by  taking 
the  profile  at  the  middle  point  between  each  pair,  and 
multiplying  its  area  by  the.  same  length  as  before.  The 
latter  method  is  the  more  expeditious ;  it  gives  less  than 
the  true  solid  contents,  but  a  nearer  approximation  than 
the  former,  which  gives  more  than  the  true  solid  contents, 
whatever  may  be  the  form  of  the  ground  between  each 
pair  of  cross  profiles. 

In  calculating  the  solid  contents,  allowance  must  be 
made  for  the  difference  in  bulk  between  the  different  kinds 
of  earth  when  occupying  their  natural  bed  and  when  made 
into  embankment.  From  some  careful  experiments  on 
this  point  made  by  Mr.  Elwood  Morris,  published  in  the 
Journal  of  the  Franklin  Institute,  it  appears  that  light 
sandy  earth  occupies  the  same  space  both  in  excavation 
and  embankment;  clayey  earth  about  one-tenth  less  in 
embankment  than  in  its  natural  bed ;  gravelly  earth  about 
one-twelfth  less;  rock  in  large  fragments  about  five- 
twelfths  more,  and  in  small  fragments  about  six-tenths 
more. 

The  calculation  may  often  be  simplified  by  considering 
the  slopes  apart  from  the  trunk  or  main  body  of  the  cut- 
ting. For  example,  let  Fig.  39  be  the  section  of  a  cutting, 
A  D  being  the  natural  surface  of  the  ground ;  then  if  b  o  is 
the  width  of  the  formation  surface,  b  c  p  £  wiU  be  the  trunk 
or  central  portion  of  the  cutting,  and  a  £  b,  fop,  will  be 
the  side  slopes.  Now,  the  width  of  the  first  is  constant, 
being  the  formation  width,  while  its  depth  varies  as  the 
depth  of  the  cutting ;  and  therefore  its  cubic  content  for  a 
given  length  forward  is  directly  proportional  to  the  depth 
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of  the  cutting.  If,  for  instance,  the  line  o  h  were  the 
natural  surface  of  the  ground  instead  of  a  d,  the  cutting 
being  now  twice  as  deep  as  before,  the  cubic  content  of  ilie 
trunk  I B  0  K  would  be  twice  as  great  as  that  of  b  b  o  7. 
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Tig.  39.— Section  of  i 
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But  the  cubic  content  of  the  slopes  increases  in  the  pro- 
portion of  the  square  of  the  depth  of  the  cutting,  as  is  evi- 
dent from  the  figure,  in  which  i  b  being  twice  as  great  as 
E  B,  the  volume  of  the  slope  a  i  b  lAfour  times  as  great  as 
A  E  B,  the  triangles  a,  ^,  e^  and  A  being  evidently  equal. 
In  consequence  of  these  two  quantities  varying  in  a  differ- 
ent proportion,  it  is  convenient  to  estimate  them  separately. 
In  order  to  facilitate  the  calculation  of  earthwork,  several 
tables  have  been  published,  the  most  complete  and  elabo- 
rate of  which  are  those  by  Sir  John  Macneil.  The  following 
table.  No.  6,  will  be  found  very  useful  in  estimating  the 
content  of  cuttings  or  of  embankments  of  moderate  depth, 
and  will  give  the  result  very  nearly  true,  except  in  cases 
in  which  the  two  ends  of  the  cutting  are  of  very  different 
depths.  The  first,  fourth,  and  seventh  columns  contain  the 
depth  of  the  cutting  or  height  of  embankment,  in  feet,  for 
every  tenth  of  afoot,  from  0*1  to  25*2  feet;  the  second,  fifth, 
and  eighth  columns  express  the  content,  in  cubic  yards,  of 
one  foot  in  width,  and  one  chain  in  length,  of  a  portion  of 
the  trunk  or  central  part  of  a  cutting,  whose  mean  depth  is 
shown  in  the  preceding  column.     The  quantities  taken 
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from  these  columns  must  be  multiplied  by  the  forma« 
tion  width.  The  third,  sixth,  and  ninth  iK>lumn8  express 
the  content  in  cubic  ycurds  of  a  length  of  one  chain  of  both 
slopes,  when  the  slopes  are  formed  at  1  to  1.  With  any 
other  ratio  the  quantities  derived  from  these  columns  must 
be  increased  in  the  same  proportion.  Thus,  if  the  slopes 
are  3  to  1,  the  quantity  obtained  from  the  table  must  be 
multiplied  by  3. 


Tablb  Ko.  6.— Contents  of  Guttinos  ob  of  Embankkbnts. 
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687-3 

19-7 

48-16 

948-7 

23-9 

68-42 

1397 

15-6 

38-13 

594-9 

19-8 

48-40 

958-3 

24-0 

68-67 

1408 

16-7 

38-38 

602-6 

19-9 

48-64 

24-1 

68-91 

1420 

16-B 

38-62 

610-2 

20-0 

48-89 

977-8 

24-2 

69-16 

1432 

lS-9 

38-87 

618-0 

20-1 

49-13 

987-6 

24-3 

69-40 

1443 

16-0 

39-11 

626-8 

20-2 

49-38 

997-4 

21-4 

69-64 

1456 

161 

39-36 

633-6 

20-3 

49-62 

1007 

24-5 

59-89 

1467 

16-2 

39-60 

641-5 

49-87 

1017 

60-13 

1479 

16-3 

39-8* 

649-6 

20-6 

50-11 

1027 

24-7 

60-38 

1491 

10-4 

40-og 

657-5 

20-6 

50-36 

1037 

24-8 

66-62 

1503 

16-4 

663-6 

20-7 

60-60 

1047 

24-9 

60-87 

1616 

16-6 

40-68 

673-6 

20-8 

50-84 

1058 

26-0 

61-11 

1827 

16-7 

4062 

681-7 

20-9 

51-09 

1068 

26-1 

61-36 

1540 

16-8 

41-07 

689-9 

21-0 

61-33 

1078 

23-2 

61-60 

1652 
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As  an  example  of  the  use  of  this  table,  we  may  estimate 
the  quantities  in  the  cutting  and  embankment  shown  on 
the  working  section,  Fig.  20,  page  39.  In  the  following 
table,  the  first  column  contains  the  number  of  the  peg,  the 
second  the  depth  of  cutting  or  height  of  embankment,  the 
third  the  cubic  content  of  the  corresponding  portion  of  the 
trunk,  and  the  fourth  column  the  content  of  the  slopes : — 


Cutting  No.  1. 


Embanxmekt  No.  1. 


t 

s 

thof 
ang. 

Tnmk. 

Slopea. 

i 

1 

•0 

•37 

•11 

2 

•6 

1.47 

•88 

3 

•9 

2-20 

1-93 

4 

1-2 

2-93 

3-52 

5 

1-6 

3-91 

6-26 

6 

1-9 

4-64 

8-82 

7 

2-0 

4-89 

9-78 

8 

1-9 

4*64 

8-82 

9 

1-9 

4-64 

8-82 

10 

2-1 

5a3 

10-73 

U 

2-2 

5*38 

11-83 

12 

2-4 

6-87 

1408 

13 

2-3 

0-62 

12-03 

14 

2-3 

6-62 

12-93 

15 

2-6 

C-ll 

15-28 

16 

2-1 

5*13 

10-78 

17 

2-3 

5-62 

12-93 

18 

2-5 

6-11 

15-28 

19 

2-2 

6-33 

11-83 

20 

1-6 

3-91 

6-26 

21 

•8 

1-96 

1-56 

91*53 

185-46 

^ 

40 

3661.20 

185-46 

> 

cub.  yds. 

3846*66 

t 

• 

ightof 
bankment. 

Tnmk. 

Slopes. 

i 

22 

•6 

1-47 

-88 

23 

2-2 

5-38 

11.83 

24 

3-5 

8-56 

29-94 

25 

40 

9-78 

39-11 

26 

3-8 

9-29 

35-30 

27 

2*6 

6-36 

16-52 

28 

1-3 

318 

4.13 

29 

•3 

-73 

•22 

1 

44-75 

137-93 

40 

179000 

137-93 

68-96 

cub.  yds. 

1996-89 
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It  will  be  remarked  that,  at  peg  1,  where  the  cutting 
has  no  depth,  we  have  yet  inserted  quantities  in  the  third 
and  fourth  columns.  The  manner  in  which  these  were 
derived  is  as  follows.  Although  at  the  peg  itself  there  is 
no  cutting,  at  the  next  peg  the  depth  is  0*6,  and  therefore 
the  mean  depth  is  0*3,  which,  in  the  table,  gives  0*73  and 
0-22.  As,  however,  we  have  here  only  half  a  chain  (as  it 
is  the  commencement  of  the  section),  we  insert  half  these 
quantities,  or  0*37  and  0*11.  The  sum  of  all  the  separate 
portions  of  the  trunk,  being  obtained  by  addition,  is  then 
multiplied  by  40,  the  width  of  the  formation,  to  which  the 
sum  of  the  slopes  being  added,  g^ves  3846*66  cubic  yards 
as  the  content  of  the  cutting.  In  the  case  of  the  embank- 
ment, the  slopes  being  1^  to  1,  we  add  one  and  a  half  timea 
the  sum  of  the  slopes,  and  thus  obtain  1996*89  cubic  yards 
as  its  content.  By  reference  to  the  working  section.  Fig.  20, 
it  will  be  seen  that  the  quantities  there  given  agree  wiUi 
the  above 
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PART  II. 

RECENT  PEACTICE  IN  THE  CONSTRUC- 
TION OF  ROADS  AND  STREETS. 

SY  D.  K.  OLABE;   C.B. 


CHAPTEE  I. 

MATERIALS  EMPLOYED  IN  THE  CONSTRUCTION  OF 

ROADS  AND  STREETS. 

For  carriage-ways :  Stones, — Tlie  hardest  and  tougliest  kindg 
of  stones  are  those  which  are  employed  in  the  construction 
of  paved  and  macadamised  carriage-ways.  First  in  geolo- 
gical order,  as  well  as  in  the  order  of  usefulness,  is  granite. 
Granite  is  an  unstratified  or  igneous  rock,  generally 
found  inferior  to  or  associated  with  the  oldest  of  the 
unstratified  rocks,  and  sometimes  penetrating  them  in  the 
form  of  dykes  and  veins.  It  is  a  crystalline  compound  of 
three  simple  minerals  —  felspar,  silica  or  quartz,  and 
mica ;  in  which  the  proportion  of  silica  varies  from  65  to 
80  per  cent.  Granite  derives  its  name  from  its  coarse 
granular  structure — granuniy  Latin  for  grain.  The  silica 
generally  occurs  in  an  amorphous  condition,  enclosing  and 
cementing  together  the  felspar  and  the  mica  in  the  state 
of  crystals.  Some  granites  are  ternary  compounds  ;  others 
are  quaternary,  or  even  quinary  compounds,  consisting  of 
silica,  two  varieties  of  felspar,  or  two  varieties  of  mica. 
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Two  felspars  are  present  in  some  of  the  granites  of  Gal- 
way,  Donegal,  and  Aberdeensliire.  Two  micas  occur  in 
the  Wicklow  granite,  imparting  black  and  grey  hues. 
Instead  of  mica,  another  substance,  hornblende,  is  found 
in  some  granites.  Such  granites,  of  which  the  component 
parts  are  quartz,  felspar,  and  hornblende,  are  distiuguished 
as  syenite,  or  syenitic  granites;  so  called,  because  it  was 
first  foimd  in  the  island  of  Syene,  in  Egypt. 

Of  the  constituents  of  granite,  quartz,  glassy  in  appear- 
ance, is  a  compound  of  the  metallic  base  silicium  and 
oxygen ;  f$hpar,  opaque,  is  of  a  yellowish  or  a  pink  colour, 
composed  of  silicious  and  aluminous  matter,  with  a  small 
proportion  of  lime  and  potash ;  mica  consists  principally  of 
clay  and  flint,  with  a  little  magnesia  and  oxide  of  iron ; 
hornblende  is  a  dark  green  crystalline  substance,  composed 
of  flint,  alumina,  magnesia,  with  a  considerable  propor- 
tion  of  black  oxide  of  iron. 

The  granite  districts  of  the  United  Kingdom,  whence 
most  of  the  material  for  road-making  is  obtained,  are  in 
Devon,  Cornwall,  the  Channel  Islands  of  Guernsey  and 
Herm;  Mount  Sorrel,  in  Leicestershire;  Clee  Hills,  in 
Shropshire ;  Port-Nant  and  Portmadoc,  in  North  Wales ; 
Aberdeen,  in  Scotland;  and  Newry,  in  Ireland.  The 
syenitic  granites  of  Guernsey,  Herm,  Mount  Sorrel,  and 
North  Wales,  are  celebrated  for  their  hardness  and  dura- 
bility. The  granite  of  Devon  and  Cornwall  is  of  several 
varieties,  and  it  has  a  prevailing  greyish  hue.  Aberdeen 
granite  is  of  a  bluish -grey  tint;  so  also  is  the  Newry 
granite.     Mount  Sorrel  granite  is  of  a  rich  pink  colour. 

Granites  vary  much  in  hardness  and  resistance  to 
crushing  force.  In  som^  places,  by  the  decomposition  of 
the  felspar  or  the  mica,  they  are  sufficiently  soft  to  admit 
of  their  being  dug  out  with  a  spade.  The  specific  gravity 
of  granite  varies  from  2*60  to  300,  and  the  volume  of 
1  ton  is  from  12  to  14  cubic  feet.     Conversely,  the  weight 
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of  a  cubic  yard  of  solid  granite  varies  from  1*93  to  2*25 
tons,  averaging,  say,  2  tons ;  whilst  the  average  weight  of 
a  solid  cubic  foot  is  IJ  cwt.  Granite  is  capable  of  absorb- 
ing,  on  an  average,  a  gallon,  or  10  lbs.,  of  water  per 
cubic  yard,  or  1 -450th  of  its  weight  of  water. 

Mr.  Mallet  found  that  the  maximum  resistance  of  1-inch 
cubes  of  various  granites  to  crashing  force,  ranged  from 
1  to  6  tons.  The  annexed  table.  No.  7,  gives  the  results 
of  experiments  to  determine  the  resistance  of  granites : — * 


Tablb  No.  7. — CBUSHmo  Resistakcb  of  Gbanitbs. 


Locality  of  Stone. 

Surihce  ex- 
posed to 

Pressure  per  square  ineh. 

pressure. 

To  fracture. 

To  crush. 

. 

Square  in. 

Square  in. 

Square  in. 

Herm     •            •           •            • 

.16 

4.77 

6-64 

Aberdeen  (Blue) 

17J 

4*13 

4-64 

Heytor  .... 

16 

3-94 

619 

Dartmoor          •           • 

16 

3-52 

5-48 

Peterhead  (Red) 
Peterhead  (Bluish  grey) 

18 

2-88 

4-88 

18 

2-86 

4-36 

Penrhyn            .            .            • 

16 

2-58 

3-45 

Ejlliney  (Grey  felspathic) 

9 

— 

4-81 

Ballyknocken  (Coarse  grey)      • 
Ballybeg,  Carlow   (Grey  fels- 

9 

— 

1-43 

pathic) 

9 

"■^ 

817 

Some  results  of  experiments  made  by  Sir  William 
Fairbairnf  on  the  crushing  strength  of  building  stones  are 
added,  in  Table  No.  8.  The  specimens  were,  for  the  most 
part,  2-inch  cubes : — 


*  The  data  for  this  table  are  derived  from  Sir  John  Burgoyne*B 
*' Rudimentary  Treatise  on  Blasting  and  Quarrying/'  1862,  page  94; 
except  for  the  last  three  stones,  for  which  the  data  are  borro'if ed  from 
Professor  Hull. 

t  **  Memoirs  of  the  Literary  and  Philosophical  Society  of  Man- 
chester," 1857;  vol.  xiy.  page  31. 
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Tablb  Ko.  8.— Chusuing  Strength  and  Absorbent  Power  op 

Various  Stones. 
(Deduced  from  Sir  W.  Fairbaim's  data.) 


Weight 

Crushizig 

of  water 

Bpenific 
gravity. 

Cnbio 

resist" 

absorbed 

Btone. 

Looality  of  Quarry. 

feet  in 

anoe  per 

after  48 

one  ton. 

sguare 

hours' 

inch. 

immer' 

sion. 

Cub.  ft. 

Tons. 

1  part  in 

Porphyry     . 

France .    .    •     • 

— 

mmm^ 

1804 

— 

Greywack6   . 

Penmaenmaur     . 

2-75 

1304 

7-54 

1641 

Do. 

Ingleton    .    .    . 

2-79 

12  87 

— 

1963 

Granite    .    . 

Aberdeen  .    .    . 

— 

616 

— 

Do. 

Mount  Sorrel .     . 

2-67 

13-45 

6-74 

490 

Do. 

Bonaw,  Inverary 

— 

— 

4-87 

— . 

Sandstone     . 

Yorkshire .     .     . 

241 

14-85 

4-38 

47-5 

Do. 

Biincom    .    • 

— 

— 

•98 

_ 

Limestone     . 

_ 

.» 

— 

3-80 

— 

Do.Magnesian 

Auston,  Worksop 

— 

2-26 

— 

Brick,  hard  . 

— 

— 

— 

•84 

— 

Do.   red     . 

""" 

"^ 

•~~ 

•36 

MM^M 

The  Trap  RocJcb  are  a  large  group  of  igneous  rocks  allied 
to  granite,  composed  of  felspar,  augite,  and  hornblende. 
The  various  proportions  and  states  of  aggregation  of  these 
simple  minerals,  and  their  differences  in  external  forms, 
give  rise  to  varieties  known  as  Basalt,  Dolorite,  Gfreen- 
stone,  Whinstone,  Grejrw^acke,  and  others.  The  term  trap 
is  derived  from  trappay  a  Swedish  word  for  stair,  because 
the  rocks  of  this  class  sometimes  occur  in  large  tabular 
masses,  rising  one  above  another  like  steps.  Basalt  is  one 
of  the  most  common  varieties ;  it  is  a  dark  green  or  black 
stone,  composed  of  augite  and  felspar,  very  compact  in 
texture,  of  considerable  hardness.  It  often  contains  iron ; 
whence  the  name  hasalt,  an  Ethiopian  word  for  iron. 
Dolorite  is  likewise  composed  of  augite  and  felspar.  Green- 
stone is  composed  of  hornblende,  which  is  dark  green,  and 
felspar.  Greywacke  is  a  very  hard  rock,  as  heavy  as 
granite,  and  much  harder.  The  rock  is  very  often  of  a 
grey  colour;  whence  the  name.  Wacke  is  a  provincial 
miner's  term  in  Gennany. 
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The  principal  uses  of  the  trap  rocks  are  for  paving  and 
macadamising.  The  most  important  quarries  are  those 
of  Barden  Hill,  in  Leicestershire,  and  of  Penmaenmaur,  in 
North  Wales.  The  greywacke  of  Penmaenmaur  is  manu- 
factured into  squared  sets,  which  are  sent  by  ship  and 
by  rail  in  enormous  quantities  to  Manchester,  Liverpool, 
and  other  large  towns  in  the  north  of  England  and  in  Scot- 
land, and  to  Lreland. 

Comparative  Wear  of  Stones, — ^Mr.  Walker  tested  the  com- 
parative durability  of  various  granites  and  one  whinstone. 
In  his  first  experiments,  he  submitted  square  specimens  of 
Guernsey,  Aberdeen,  and  Peterhead  granites,  having  equal 
weights  and  rubbing  surfaces,  to  frictional  motion  on  a 
large  block  of  stone,  with  sand  and  water  between  them. 
The  Guernsey  granite  showed  the  smallest  amount  of  wear. 

He  made  further  tests  for  the  durability  of  granites  and 
whinstone,  under  working  conditions,  by  laying  down,  in 
1830,  two  parallel  lines  of  rectang^ar  tram-stones,  18 
inches  wide  and  12  inches  deep,  in  the  gateway  of  the 
Limehouse  turnpike,  so  as  to  be  exposed  to  all  the  heavy 
traffic  from  the  East  and  West  India  Docks.  The  experi- 
mental stones  were  all  new.  After  an  exposure  of  17 
months  to  the  wear  and  tear  of  the  traffic,  the  stones  were 
taken  up,  and  the  loss  by  wear  was  found  to  be  in  order 

as  follows : — 

Table  No.  9. — Relative  Wear  op  Granites,  etc 

(Mr.  Walker.) 


Name  of  Stone. 

Super- 
ficial area. 

Loss  of 

weight  per 

sq.  foot. 

Vertical  wear. 

Guernsey  granite 
Hcrm  granite .            • 
Budle  whinstone 
Pelorhead  blue  granite 
Heytor  granite 
Aberdeen  red  granite  •        • 
Partmoor  granite       •        • 
Aberdeen  blue  granite       « 

Bq.  foot. 
4*73 
6*25 
6-34 
3-48 
4-31 
6-38 
4*60 
4-82 

pounds. 
-95 
1-05 

1-22 
1*80 
1-92 
214 
2*78 
8-06 

inch. 
•060 
•076 
•082 
•131 
•141 
•169 
•207 
•225 

relative. 
1-000 
1-190 
1*316 
2-080 
2-238 
2-524 
3*285 
3-671 
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Piom  the  table,  it  is  apparent  that  Guernsey  granite  is 
many  times  tougher  and  more  durable  than  Aberdeen 
gi'anite.  Mr.  Walker  made  a  still  further  tost  of  the  relative 
wear  of  these  two  stones  on  old  Blackfriars  Bridge,  which 
was  paved,  in  1840,  with  these  granites,  in  sets  3  inches 
wide  by  9  inches  deep,  on  a  bed  of  concrete  12  inches  thick. 
When  the  pavement  had  been  down  13  years,  it  was  found 
that  the  Aberdeen  stone  was  worn  down  to  the  extent  of 
IJ-  inch  of  vertical  wear,  whilst  the  Guernsey  stone  had 
<)nly  worn  down  J  inch — showing  that  the  Guernsey  had 
worn  only  one-sixth  as  much  as  the  Aberdeen  granite.* 

The  durability  of  the  Welsh  stones — ^the  greywacke  of 
Penmaenmaur,  and  the  syenites  of  Fortmadoc,  &c.,  is 
almost  beyond  estimation.  After  20  years  of  work  in  the 
streets  of  Manchester,  Penmaenmaur  stones,  the  resistance 
of  which  to  crushing  is  considerably  greater  than  that  of 
granite,  have  suffered  little  more  wear  than  a  rounding  of 
the  upper  surface.  But  the  blue  variety  is  extremely 
slippery,  and  it  makes  a  dangerous  pavement.  The 
grey  variety,  the  Irish,  the  syenitic,  and  the  blue  Aberdeen 
granites  retain  rough -wearing  surfaces;  but,  in  con- 
sequence of  their  roughness,  they  are  not  so  durable  as 
the  Guernsey  and  the  Penmaenmaur  stones.  The  rough- 
wearing  sets  are  excellent  stones,  and  they  are  specially 
suitable  for  the  paving  of  streets  on  steep  inclines. 

For  macadam,  the  hardest  stones — as  Guernsey  granite, 
and  Penmaenmaur  greywacke — are  the  most  suitable. 
Their  slippery  qualities  are  of  no  moment  in  macadam, 
whilst  their  hardness  and  toughness  are  valuable  qualities. 

In  India,  the  stones  used  for  macadam  are  granite,  trap, 
and  the  hard  limestones  and  sandstones.  Laterite,  which  is 
a  hard  sandstone,  is  very  much  used  on  the  Madras  roads 
but  it  is  comparatively  soft,  and  does  not  bear  much  traffic. 

*  Proceedings  of  the  Institution  of  Civil  Engineers,  18d3-o4  j  vol 
xlii.  page  237. 
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Kunkur  is  the  material  cliiefly  used  in  Hindostan :  it  is  a 
peculiar  formation  of  oolitic  limestone,  found  generally  in 
nodules,  sometimes  in  masses  a  little  below  the  surface  of 
the  earth.  It  makes  an  excellent  road,  but  it  requires 
constant  repair  if  the  traffic  is  heavy. 

For  Footpaths, — ^The  flagstones  usually  employed  for  foot- 
paths are  of  sandstone.  The  Old  Bed  Sandstone  of  Scot- 
land produces  the  well-known  sandstones  and  flags  of 
Arbroath  and  Dundee,  which  are  largely  used  in  Glasgow, 
Edinburgh,  London,  and  other  large  towns.  The  Arbroath 
pavement  is  of  a  light  greenish,  grey  colour,  and  of  dense 
structure;  it  resists  the  weather  successfully.  The  flag- 
stones of  Caithness,  Cromarty,  and  Nairn  are  also  used  for 
paving.  The  carboniferous  sandstones  are  largely  used 
for  paving  in  the  north  of  England  and  in  Scotland ;  they 
are  generally  hard  and  durable,  of  yellowish  or  greyish 
tints,  and  of  various  degrees  of  coarseness.  They  are 
derived  from  the  millstone-grit  and  the  coal  measures. 
Excellent  flagstones,  which  are  sent  to  all  parts  of  Eng- 
land, are  obtained  from  the  lower  part  of  the  coal  for- 
mation in  Cheshire,  near  Macclesfield;  Lancashire,  near 
Wigan,  Burnley,  and  St.  Helen's;  and  &om  EUand,  in 
Yorkshire.  The  sandstones  of  the  coal  measures — ^for  in- 
stance, those  of  Heddon  and  Kenton,  near  Newcastle — are 
seldom  durable,  and  they  generally  become  iron-stained 
on  exposure,  owing  to  their  containing  considerable  quan- 
tities of  iron  and  alumina.* 

The  following  particulars  of  the  composition  of  sand- 
stones are  derived  from  the  Commissioners'  Beport  of 
1839:— 


*  See  <<QuiEirric8  und  Building  Stones,"  by  Professor  Hull;  ^  BriUiili 
Manufacturing  Indutttiies*" . 
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Table  Ko.  10. — Composition,  Specific  Gbatitt,  and  Siwsnoth 

OF  Sandstones. 


Ciaigleith. 

Darley 
Bale. 

Heddon. 

Kenton. 

HanBfleld. 

Composition. 
Silica 

Carbonate  of  lime  . 
Carbonate  of  mag- 
nesia 
Iron,  alumina 
\y  ater  and  loss 

percent. 
98-3 
M 

00 
0-6 
0-0 

percent. 
96-4 
0-3 

0-0 
1-3 
1-9 

per  cent. 
96-1 
0-8 

0-0 
2-3 
1-8 

percent 
93-1 
20 

00 
4-4 
0-5 

percent. 
49-4 
26-5 

16-1 
3-2 

,    4-8 

1000 

1000 

100-0 

1000      100-0  1 

i                1 

BrBomq  Obatitbs. 
Of  dry  masses 
Of  particles 

2-232 
2-646 

2*628 
2-993 

2-229 
2-643 

2-247 
2-625 

2-338 
2-756 

COHBBIYX  POWBBS. 

In  tons  per  square 
inch 

3-52 

3-17 

1-78 

2-22 

2-28 

A  few  particulars  of  sandstones  are  given  in  Table 
No.  8,  page  125. 

All  sandstones  are  porous,  and  they  absorb  water.  The 
YorksMre  sandstones  are  capable  of  absorbing  1  part  by 
weight  of  water  in  48  parts  of  stone.  Sandstone  flags  are 
in  this  respect  objectionable,  for  they  retain  wet  impurities, 
and  remain  damp  some  time  after  rain. 

An  instructiye  test  of  the  comparative  durability  of 
various  kinds  of  flagstones  was  conducted  in  Liverpool,  by 
Mr.  Newlands,  in  1856.  The  stones  were  found  to  range, 
in  the  order  of  durability,  as  follows  : — 

Kilrush  (Irish),  most  durable, 

Caithness, 

Knowsley, 

Port  Eheuddin, 

Llangollen, 

Yorkshire,  least  durable. 

K 
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Of  these,  Fort  Eheuddin  stone,  one  of  the  softest,  had  the 
best  appearance.  Next  to  this  was  the  Caithness  stone.  The 
KiLrush  flags  had  a  rough  or  wrinkled  smface ;  but  in  the 
course  of  time  they  wore  smooth,  and  their  appearance  was 
good.  The  Llangollen-slate  flag  looked  well,  but  it  was 
not  durable.  Caithness  flags  were  extensively  substituted 
for  Yorkshire  paving ;  Welsh  and  Irish  flags  were  also 
laid  to  a  considerable  extent. 

In  substituting  granite  curbstones  for  sandstone  curbs, 
Mr.  Newlands  formed  the  wearing  surface  of  the  new 
curbs  to  the  section  produced  by  abrasion  upon  the  softer 
Btone :— thus  presenting  a  larger  wearing  surfa^je  to  the 
strokes  of  heavy  wheels,  and  minimising  the  superficial 
lateral  wear. 

Asphalte, — ^Asphalte,  the  mineral,  is  a  bituminous  lime- 
stone, or  pure  carbonate  of  lime  naturally  impregnated 
with  bitumen.  At  the  same  time,  asphalte  is,  in  a  scientiflc 
sense,  synonymous  with  bitumen. 

Bituminous  limestone,  or  asphalte,  is  a  rock  consisting 
of  from  90  to  94  per  cent,  of  carbonate  of  lime,  and  from 
6  to  10  per  cent,  of  bitumen.  The  rock  is  of  a  liver-brown, 
or  deep  chocolate  colour ;  it  takes  an  irregular  fracture, 
with  definite  cleavage,  and  the  texture  and  the  grain  vary 
with  the  layers.  The  specific  gravity  is  from  2*20  to  2*30. 
Exposed  to  the  atmosphere,  asphalte  gradually  assumes  a 
light  grey  tint,  caused  by  the  evaporation  of  bitumen  from 
the  surface. 

The  asphalte  used  for  the  construction  of  carriage-way 
pavements,  is  brought  chiefly  from  the  Val  de  Travers, 
a  few  miles  from  the  town  of  Neuchatel,  in  Switzerland. 
Limmer  asphalte  is  brought  from  a  mine  situated  at 
1  Limmer,  near  the  city  of  Hanover,  and  from  another  mine 
at  Vorwohle,  near  Alfeld,  in  Brunswick.  The  Seyssel 
asphalte  is  obtained  from  mines  at  P^rimont  and  Garde 
I  Bois,  at  Seyssel,  in  France. 
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Asphalte,  as  excavated^  must  be  pulverised  before  being 
used,  by  decrepitation  at  a  temperature  of  from  212°  to 
300°  Fahr.,  or  by  mechanical  means.  It  is  applied  in  two 
modes  for  the  formation  of  pavements : — Ist,  as  eotnpr eased 
asphaltej  which  is  obtained  by  heating  the  powder  to  from 
212"^  to  250"  Fahr.,  and  causing  the  particles  to  cohere  by 
the  application  of  pressure.  2nd,  as  liquid  a^halte,  or 
asphaitic  mastie,  for  which  a  manufacturing  process  is  neces- 
8ary^_  The  powder  is  heated  with  from  5  to  8  per  cent,  of 
free  bitumen:  the  bitumen  acts  as  a  flux,  the  mixture 
melts,  and  is  run  into  moulds  for  use,  forming  cheeses 
12  inches  in  diameter  and  4  inchfta  t^jfilr-  Like  rock 
asphalte,  mastic,  heated  alone,  does  not  melt ;  it  only  be- 
comes  soft.  To  be  re-melted,  a  fresh  quantity  of  bitumen 
must  be  added.  For  paving,  a  large  proportion  of  sand  or 
small  gravel  is  mixed  with  it,  even  to  the  extent  of  60  per 
cent.  No  chemical  imion  takes  place  between  the  mastic 
and  the  sand,  but  the  cohesion  is  so  complete  that  the 
fracture  of  sanded  mastic  shows  the  simultaneous  fracture 
of  the  grit ;  and  the  power  of  resistance  to  the  heat  of  the 
sun  is  increased  by  the  admixture. 

The  Yal  de  Travers  and  the  Seysell  rocks  are  the  only 
two  natural  asphaltes  used  in  laying  compressed-asphalfce 
roadways.  The  former  has  not  quite  so  close  a  gT^u  ft* 
ihe  latteri^jandit  is  softer,  and  is  more  repilarly  impreg- 
nated with  bitumen. 

Artificial  Asphalte, — ^By  mixing  heated  limestone  and 
gas-tar,  a  material  possessing  some  of  the  properties  of 
asphaltic  mastic  has  been  obtained.  But  gas-tar  is  a  very 
inferior  form  of  bitiunen  for  paving  purposes :  it  passes 
from  the  dry  to  the  liquid  state,  and  conversely,  accordin(; 
to  the  season,  and  it  is  brittle. 

Wood. — Both  soft  and  hard  woods  are  employed  for 
paving :  closed-grained  wood  of  the  pine  family,  as  Cana- 
dian and  Baltic  yellow  pines ;  and  hard  woods,  as  oak. 
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elm,  ash,  and  beech.  Spruoe  and  white  deals  are  not  vei; 
suitable  for  paving  purposes.  The  following  Table,* 
No.  11,  shows  the  average  crushing  resistance  of  cubes  of 
timber,  of  &om  1  inch  to  4  inches,  lineal  dimension,  in 
the  direction  of  the  fibre  :— 

Table  No.  U. — Gbushino  Resistancb  of  Timeeb. 
Cubes,  1  inch ;  2  inch ;  3  inch ;  and  4  inch. 


CmBhingr 

Name  of  Timber. 

resistance 

per  sq.  inch. 

tons. 

English  oak,  unseasoned 

2-19 

Do.         seasoned          « 

3-34 

Dantzic  oak  .            .            , 

3-34 

American  white  oak  .           t 

2-71 

Moulmein  teak          •            < 

2-56 

Iron  wood     . 

5-21 

Grecnheart    .            • 

6-44 

Hondunts  mahogany 

2-85 

English  elm  .            • 

2.58 

Canadian  elm 

2-45 

Dantzic  fir     .            .            , 

3-10 

Eiga  fir         .            .           . 

2-34 

Spruce  fir      . 

217 

Larch            •            •           < 

2-60 

Red  pine 

2-64 

Yellow  pine  . 

1-88 

Pitch  pine 

2-88 

Mr.  D.  T.  Hope,t  in  1844,  recorded  the  results  of  experi- 
ments made  by  him  on  the  comparative  wear  and  endur- 
ance of  wood-paving,  laid  in  the  same  line  of  carriage-way, 
resting  on  the  same  concrete  foundation,  and  exposed  to 
the  same  kind  and  amount  of  traffic.  The  blocks  of  wood 
were  constructed  with  the  fibre  placed  vertically,  placed 
horizontally,  and  also  placed  at  various  inclinations  to  the 

•  Derived  from  "A  Manual  of  Rules,  Tables,  and  Data,"  by  D.  K. 
aark,  1877,  page  541. 

t  « Transactions  of  the  Boyal  SGottish  Society  of  Arts,*'  1844, 
page  231. 
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vertical.  Continuous  observations  were  made  for  a  period 
of  18  months.  It  was  found  that  the  wear  or  reduction  of 
height  of  the  wood  blocks  was  greater  during  the  first 
three  months  than  during  the  following  quarters.  The 
more  rapid  wear  at  the  commencement  of  the  trial  was 
ascribed  by  Mr.  Hope  to  initial  compression  of  the 
fibres:  the  blocks  with  vertical  fibres  presented  a  more 
compact  surface  than  when  they  were  originally  laid,  and 
the  surface  was  so  impregnated  with  sand  that  it  had  more  of 
the  apipearance  of  sand  than  of  wood.  The  following  shows 
the  total  amount  of  wear  at  the  end  of  18  months : — 

Wear  at  the  end  of  18  months. 
'125  inch,  or  i  inch 

•147 
•182 
•241 
•312 
•379 
•480 

It  is  clear  that  the  resistance  of  the  wood  was  most 
effective  when  the  fibres  were  in  a  vertical  position,  and 
least  effective  when  they  were  horizontal.  The  horizontal 
fibres'  presented,  when  worn,  the  appearance  of  heaps  of 
broken  strings.'  It  is  evident,  further,  that  the  more 
nearly  the  fibres  were  presented  in  an  upright  position, 
the  less  was  the  wear,  and,  of  ooorse,  the  greater  was  the 
durability. 


Wood,  vertical  fibre 

•              • 

ff     fibre  inclined  at  75' 

»>                >» 

60 

ft                tt 

45 

M                             f» 

30 

m                     99 

15 

P»                              *9 

horizontal 

A 

99 

bare 

A 

•> 

99 

i 

»» 

»» 

A 

>» 

»l 

1 

»♦ 

fuU 

i 

>l 

bare 

»* 


CHAPTEE  n. 

CONSTRUCTION  OF  MODERN  MACADAM  ROADS. 

In  addition  to  the  detailed  account  of  the  construction  of 
roads,  given  by  Mr.  Law,  in  the  first  part  of  this  work,  a 
few  words  may  be  added  as  to  the  usual  modes  of  construc- 
tion now  adopted.  The  levels,  gauges,  plummet-rules, 
and  prong-shovels,  formerly  employed  in  the  setting  out 
and  construction  of  roads,  described  at  pages  84  to  88, 
are  not  now  used.  "Boning  rods"  are  used  for  fixing 
the  inclination  of  the  surface,  longitudinally  and  trans- 
versely, by  the  eye. 

FirsUclass  Metropolitan  Roads. — ^When  the  ground  has  been 
excavated  and  levelled,  it  should  be  rolled,  when  it  consists 
of  clay.  A  bottoming,  or  bed,  12  inches  thick,  of  "hard- 
core," is  laid  on  the  ground ;  it  may  consist^  of  brick- 
rubbish,  clinker,  old  broken  concrete,  broken  stone  or 
shivers,  or  any  other  hard  material,  in  pieces.  The  bed 
should  be  rolled  down  to  a  thickness  of  9  inches,  and  any 
loose  or  hollow  places  made  up  to  the  level. 

Next  comes  a  layer  of  Thames  ballast,  5  inches  thick, 
rolled  solidly  to  a  thickness  of  3  inches.  The  ballast 
serves  to  fill  up  the  vacancies  in  the  bottoming,  and,  being 
less  costly,  saves  so  much  of  the  cost  for  broken  granite. 

Broken  granite,  or  macadam,  is  laid  upon  the  prepared 
surface  of  the  ballast,  in  two  successive  layq^'s,  3  inches 
thick,  rolled  successively,  to  a  combined  thickness  ot 
4  inches ;  a  layer  of  sharp  sand,  ^  inch  or  ^  inch  thick 
should  be  scattered  over  the  second  layer,  and  rolled  into 
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it  with  plenty  of  water.  But  it  is  better  to  add  tlie  sand 
and  the  water  as  the  second  layer  of  granite  is  laid,  and 
to  roll  them  well  together. 

Broken  Guernsey  granite,  which  is  hard  and  enduring, 
is  the  best  material  for  the  coating ;  Aberdeen  granite  is 
softer,  and  is  not  so  good  for  the  purpose.  Flints  are,  in 
some  instances,  laid  instead  of  granite ;  but  they  are 
worst  of  all  for  the  coat,  for  they  are  brittle,  and  are  soon 
reduced,  by  the  traffic,  to  small  fragments. 

In  transverse  section,  the  contour  of  the  road  is  a 
segment  of  a  circle.  Indeed,  all  roads  and  streets  are, 
or  should  be,  circular  in  section.  The  general  practice  is, 
in  this  respect,  at  variance  with  the  practice  recommended 
by  Mr.  Law,  page  75,  where  he  recommends  that  the 
section  of  the  surface  should  be  formed  of  two  inclined 
straight  lines,  joined  by  a  flat  curve  at  the  middle,  form- 
ing a  species  of  ridgo.  The  advantage  of  the  circular 
section  consists  in  the  fulness  given  to  the  "  shoulders  " 
of  the  road,  which  lie  in  the  lines  of  the  traffic  on  each 
side  of  the  centre  line  of  the  road,  and  thus  present  a  full 
surface  for  wear. 

Second'Cldss  Metropolitan  Hoods  are  usually  constructed 
of  a  hard  core  of  brick  rubbish,  or  other  material,  about 
9  inches  thick,  and  a  layer  of  broken  granite,  or  of  flints, 
about  four  inches  thick.  The  material  is  not,  in  general, 
submitted  to  rolling,  except  by  the  action  of  the  traffic. 

Country  Roads, — ^The  regular  width  of  country  roads,  is 
18  feet;  but  some  of  them  are  only  10  feet  wide,  and 
others  may  be  more  than  18  feet.  The  bottom  is  excavated 
with  a  flat  floor,  notjbeing  rounded  to  the  fiont^iir  nf  fliA 
surface.  ThgT  bottom  layer^  or  hard  core,  consists  of  any 
har^^nd  dry  rubbish; — ^broken  bricks,  lumps  of  chalky 
or  hajd_flints.  The  material  most  usually  employed  con- 
sists of  flint-stones,  which  are  got  out  of  the  fields.  The 
largest  stones,  which  may  be  as  much  as  6  or  8  inches 
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acroaa,  are  Imd  at  the  bottom.  Chalk  fliata  amffer  bert 
for  the  bottoming.  They  are  rough,  and  they  bind 
firmly  together,  and  are  open,  affording  free  apace  for 
^uaage!  If  the  bottoniiB_of  .solid  material,  aa  chalk  or 
rock-et^^  the  bed  ia  laid  in  to  a  thickness  of  12  inchea. 
If  it  be  soft,  as  of  clay  or^f  eaad,  it  ia  made  up  to  a 
thi^nese  of  18  inchea. 

The  finiahiny  layer,  or  coating,  consiata  of  flints  of  a 
smaller  aize ;  they  are  broken  up,  if  necessMy.  to  Ihe 
usual  size  of  macadam,  and  are  laid  6  inches  thick.  No 
binding  of  any  kind  ia  employed,  nor  is  it  the  practice  to 
roll  the  roads. 


lis.  #.— Oonnlij  BoBd,  irtth  open  cUtohM. 

The  rise  of  a  toad,  at  the  middle,  ia  3  inchea  for  a  width 
of  18  feet.  The  rule  for  the  rise  is  to  allow  I  inch  for 
every  6  feet  of  width : — giving  a  alope  of  1  in  36,  which  is 
BufRcient  for  running  off  rain-water,  and  leaving  the  roada 
dry.  For  roads  10  feet  wide,  a  greater  degree  of  rise  ia 
given,  where  ditches  cannot  be  got  in.  Openings  are 
made  through  the  fences  at  each  side  to  let  off  surface- 
water  into  the  adjoining  fields.  Mr.  J.  G.  Croabie  Dawaon 
ftates  tliat  he  haa  made  many  gravel  roads,  from  12  to 
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18  inches  thick,  at  a  cost  of  iiom  2s.  6d.  to  3s.  6d.  per 
square  yard. 

The  g;eneral  conformation  of  a  country  road,  with 
hedges,  and  with  an  open  ditch  at  one  or  both  sides,  for 
collecting  Burface  and  drainage  water,  is  shown  by  Fig.  40. 
Side  dit«hea  are,  a  &e(^uent  cause  of  overturns  and  other 
accidents.  The  improved  country  road,  proposed  by  the 
Cotnmiitet  of  the  Society  of  Arts,*  is  represented  by  Fig,  41, 


F^.  4t.— FropoHd  Coontry  Boad,  with  Theel-^acks  and  mbioil  draliu. 

in  which  the  side  drains  are  suppressed,  and  replaced  by 
covered  drains,  which  act  also  as  subsoil  land-drains. 
Wheel-tracks  of  asphalte,  horse-tracks  of  concrete,  and  a 
foot-path  of  asphalte  are  also  proposed. 

i  Arb  on  TreetivH  m 


CHAPTER  in. 

MACADAMIZED  ROADS.— WEAB.. 

It  was    maintained   by  Macadam    (see    page  90)   that 
for  ease  of  draft,  a    yielding,  elastic  road  was  preferable 
to   a  road  constructed  according  to  the  prescription   of 
Mr.  Telford,   on  a  rigid  or  paved  foundation.     The  dis- 
tinction rests  entirely  upon  the  precise  signification  attached 
to  the  word  **  elastic."     If  the  elasticity  be  perfect,  like 
that  of  an  indiarubber  wheel -tire,   whore  the   reaction 
or  uplifting  force   is  exactly  equal  to  the  resistance  to 
depression  under  a  load,  it  may  be  logically  maintained 
that  the  elastic  road  is  better  for  draft.   But  this  condition 
is  impossible  in  practice ;  and  Mr.  Provis  exactly  defined 
an  elastic  road  as  "  that  which  wiU  give  way  by  pressure, 
and  rise  again  to  its  original  position  when  the  pressure  is 
removed  " — ^tacitly  assuming  that  time  is  consumed  in  the 
reaction,  after  the  pressure  is  removed.     Moreover,  as  Sir 
John  Macneil  justly  observed,  "  where  there  is  a  yielding 
and  elasticity  in  the  road,  there  must  be  motion  among  the 
particles  with  which  the  road  is  formed,  and  this  motion 
produces  wear."*    And,  again:   "If  the  road  be  weak  or 
elastic,  and  bend  or  yield  under  the  pressure  of  the  wheels 
the  particles  of  which  it  is  composed  wiU  move  and  rub 
against  each  other,  or  perhaps  break  by  the  action  of 
heavy  wheels  over  them."t     Herein  lies  the  gist  of  the 

♦  '*  Roads,"  by  Sir  Henry  Puraell,  page  412. 
t  Uoport   of   the  Sele      Committee   on    Steam  Caniagca,  1831, 
jago  97. 
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argument  against  the  admission  of  any  perceptible  range 
of  elastic  action ;  and  Sir  John  Macneil  touched  the  essen- 
tial element  of  legitimate  elastic  action,  when  he  located  it 
"  on  the  surface  and  at  the  point  of  contact."  This  is  pre- 
cisely the  mode  of  elastic  action  of  a  wood-pavement : — a 
material  which,  with  its  vertical  fibre,  acts  as  a  coat  of 
velvet  might  be  supposed  to  do,  simply  to  absorb  and 
neutralise  minute  vibration ;  and  it  is  the  only  kind  of 
action  that  is  admissible  in  the  work  of  a  road.  Sir  John 
Macneil  adduced  the  results  of  experiments  on  London 
streets,  in  which  he  found  that,  when  broken  granite  was 
laid  down,  there  was  little  crushing  on  the  surface,  but  a 
good  deal  below.  He  found  ''that  a  great  portion  of  the 
wear  took  place  near  the  bottom;  the  stones  there  got 
round  after  a  very  short  time.  They  were  all  jumbled 
together ;  the  lower  part  of  the  stratum  was  on  clay. 
Before  it  became  a  solid  mass  at  all,  the  wheels  worked 
through,  and  the  stones  were  kept  in  motion,  and  rubbing 
against  each  other,  from  top  to  bottom."  Then  he  tried 
the  experiment  of  laying  ''  a  portion  on  a  very  solid  foun- 
dation, and  the  same  quantity  was  put  over  it.  I  took  up 
a  portion  of  both  roads,"  he  adds,  "  and  we  found,  where 
the  road  was  about  15  or  16  inches  thick  [with  a  9-inch 
pavement],  and  the  stones  6  inches  thick  over  the  broken 
pavement,  they  were  quite  square,  and  as  perfect  as  when 
put  on.  In  the  other  case  [simple  macadam],  it  was  not 
so."  "There  are  two  things  to  be  considered,  when  a 
road  is  newly  made :  there  is  very  great  wear  indeed,  in 
the  first  instance,  if  there  be  not  a  pitched  foundation; 
that  is  different  from  the  wear  that  takes  place  when  it  is 
nearly  consolidated.  To  bring  it  into  a  solid  state,  the 
wear  is  great.  If  there  are  4  inches  of  broken  stone  on 
the  top  of  a  pitched  foundation,  you  may  get  that  road  into 
a  perfectly  hard  and  consolidated  state,  by  the  ordinary 
travelliug  over  a  turnpike  road,  in  about  three  months; 


140  MACADAM  ROADS. 

but  if  you  put  on  the  same  tliickness  of  stone,  without  a 
foundation,  you  will  not  get  it  into  a  perfect  state  in  three 
or  four  times  as  long."  * 

The  bearing  of  Sir  John  Macneil's  exhaustive  evidence 
is  very  direct  upon  the  comparative  wear  of  "weak  or 
elastic  roads,"  and  roads  with  a  rigid  pavement-bottom. 
He  adduces  an  instance  in  which  an  experiment  was  accu- 
rately made  to  test  the  relative  wear  of  roads  so  con- 
structed: "The  wear  was  found  to  be  4  inches  of  hard 
stone,  when  it  was  placed  on  a  wet  clay  bottom ;  while  it 
was  not  more  than  half  an  inch  on  a  solid  dry  foundation, 
or  with  a  pavement  bottom,  on  a  part  of  the  same  road, 
where  it  was  subject  to  the  same  traffic."  f 

Estimates  have  been  formed  of  the  relative  tear  and 
wear  of  roads  due  to  the  action  of  the  horse-shoes  and  the 
action  of  wheels.  Mr.  John  Farey  stated  that  a  cart- 
horse, walking  at  a  speed  of  2i  miles  per  hour,  could  draw 
with  a  force  of  traction  of  100  lbs.,  on  an  average,  for 
8  hours  a  day ;  but  that  a  stage-coach  horse,  running  at  a 
speed  of  10  miles  an  hour,  could  not  exert  more  than 
28  lbs.  force  of  traction,  on  an  average,  for  IJ  hours  a 
day.  The  comparative  efficiency  of  the  animal  is  readUy 
worked  out.  The  work  done  per  hour,  on  duty,  and  per 
day,  are  as  follows : — 

Work  done  in  pounds 
through  one  mile. 
Speed  in  qv«i%Hon        per  hour.  per  day. 

miles  per  hour.     **»«"*«»•    mue-pounds.    mue^pounds 

Cart-hone  .  2^  100  lbs.  260  2000 

Stage  coach-hcrse  10  28    „  280  420 

The  comparison  clearly  indicates  that,  whilst  the  work 
done  by  a  horse  per  hour  at  work,  is  a  little  greater  at 
10  miles  per  hour  than  at  a  fourth  of  the  speed,  the  day's 
work,  on  the  contrary,  is  very  much  less, — ^little  more  than 

•  "  Roads,"  by  Sir  Henry  Pamcll,  pages  412,  413. 
f  Report  of  the   Select  Committee   on   Steam  Carriages,  1831 
page  97. 
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a  fifth.'  It  is  probable  that  the  injury  done  to  the  road  is 
in  the  same  proportion  as  the  day's  work  done.  "In 
heavy  wagons,"  says  Mr.  Farey,  "  drawn  slowly  by  horses, 
the  horses  do  far  more  injury,  by  digging  and  scraping 
with  their  feet,  than  is  done  by  the  horses  in  coaches  and 
vans  travelling  quickly;  because  the  wagon-horses,  having 
a  heavy  pull  to  make,  must  choose  places  in  the  road 
where  they  can  place  their  feet  in  depressions  in  order  to 
get  hold ;  hence,  on  a  smooth,  good  road,  they  slip,  and 
scrape  up  the  surface."  Again :  "  The  horses,  by  treculing 
with  their  feet,  excavate  and  scrape  out  depressions  in  the 
surface  of  the  road ;  that  is  particularly  the  case  before 
the  road-materials  are  consolidated  into  a  solid  mass.  In 
this  manner,  the  horses,  after  injuring  the  road  them- 
selves, prepare  the  way  to  further  injury  to  the  road  by 
the  wheels  of  carriages."  * 

With  respect  to  the  comparative  action  on  a  road  of  the 
feet  of  horses  and  the  wheels  of  vehicles,  Mr.  Telford  con- 
sidered that  the  tearing  up  of  a  well-made  road  by  horses' 
feet  was  much  more  injurious  to  the  road  than  the  pressure 
of  the  wheels. 

Sir  John  Macneil  stated  that  a  four-horse  stage-coach 
weighed  from  15 J  cwt.  to  18  cwt.,  and  frequently  carried 
upwards  of  2  tons  of  passengers  and  goods ;  and  the  total 
average  weight  amounted  to  from  2i  to  2^  tons  gross. 
The  tires  of  the  wheels  were,  in  general,  2  inches  wide ;  in 
some  instances  rather  less  than  2  inches.  Some  tires  were 
rounded,  forming  in  cross  section  a  segment  of  a  circle 
H  inch  in  diameter.  The  action  of  these  rounded,  tires 
was  found  to  be  extremely  injurious  to  the  road ;  coach- 
men complained  that  carriages  fitted  with  such  rounded 
wheel-tires  "ran  wild"  in  descending  hills  in  summer; 
and  that  they  ran  "  heavy"  in  winter,  when  the  roads  were 

*  Beport  of  Select  Committee  on  Steam  Carriagos,  1831,  page  57. 
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soft  and  muddy.  Mail-coaches  weighed  very  nearly  20  cwt., 
and  frequently  carried  a  ton  of  letters  and  parcels,  in  addi- 
tion to  their  complement  of  passengers.  The  tires  of  their 
wheels  were  2i  inches  wide.  Again,  the  four-horse  vans, 
wliich  travelled  at  a  speed  of  6  miles  per  hour,  weighed,  on 
an  average,  4J  tons  gross,  with  2J-inch  tires.  There  were 
four  descriptions  of  wagon  in  general  use — 8-horse,  6-horse, 
4-hor8e,  and  farm-wagons  of  2  or  4  horses.  Sir  John  Mac- 
neil  maintained  that,  on  all  gravel  roads,  however  made, 
without  foundation  or  bottoming,  the  load  on  the  road  for 
a  wheel  4  inches  wide  at  the  tire  should  not  exceed  15  cwt. ; 
and  for  wheels  of  less  width,  10  cwt.  He  gave  a  table 
showing  the  weight  actually  carried  per  inch  of  width  of  tire- 
bearing,  and  what  he  conceived  might  be  the  width  of  tires 
if  they  were  made  cylindrical,  with  an  even  bearing,  allow- 
ing 1  inch  of  total  width  of  four  wheels  for  each  ton  of  gross 
weight ;  or  1  inch  of  width  in  each  tire  per  5  cwt.  of  gross 
weight. 

Table  No.  12. — ^Weight  of  Vehicxes  and  Width  of  Tolss  on 

Common  Koadb. 

(Sib  John  Macneil.) 


Description  of  Vehicle. 


Mail  coach 
Stage  coacti 
Van  • 

Wagon     • 

Do. 

Do. 


Speed  in 

miles  per 

hour. 


miles. 
9  toll 
8  loll 

Gto7 
2}  to  3 
2Xto3 
'4  to  3 


Average 

gross 

weight. 


tons. 
2 

H 

6 


Width 

of 

wheels 

and 

tires. 


inches. 

H 

2 

2i 
9 

6 

4 


Pres-  I  Trea- 
sure  ofjBureper 
each     inch  of 


wheel. 


cwt& 

10 

12-6 

21-25 

25 

22-5 

17-5 


width. 


owts. 
4*40 
6-25 
829 
277 
375 
4-37 


Width    oti 

wheel, 

allowing 

6  cwt.  per 

tnchoflu-e. 


inches. 
2 
2} 
4| 
6 


From  the  table  it  appears  that,  in  the  four-horse  van,  the 
greatest  load  per  inch  of  tire  upon  the  road  amounted  to 
8'3  cwt.  i  and  though  Sir  John  Macneil  found  that  good 
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hard  roads  may  support  concentrated  loads  of  10  cwt.  per 
inch,  of  width  of  tire,  he  considered  that,  for  *'  the  generality 
of  roads,"  the  concentrated  load  per  inch  of  width  of  tire 
ought  not  to  exceed  a  maximum  of  5  cwt.  He  judged  that 
the  wear  of  roads  caused  by  horses'  feet  increased  with  the 
speed  of  transit ;  and  adduced  in  support  of  this  conclusion 
the  facts  that,  whilst  a  coach-horse,  going  at  10  miles  per 
hour,  ran  270  miles  per  month,  and  wore  away  4  pounds 
of  iron  in  shoes ;  a  wagon-horse  going  at  3  miles  per 
hour,  and  walking  26  miles  per  day,  or  416  miles  per 
month,  wore  away  4*8  pounds  of  iron  in  shoes.  From 
these  data,  it  appears  that  the  coach-horse  ran  67*5  nules 
for  each  pound  of  iron  worn  off,  and  that  the  wagon- 
horse  walked  86*5  miles  for  each  pound  of  iron  worn  off. 
These  data,  though  they  show  a  greater  rate  of  wear  at 
the  higher  speed,  scarcely  suffice  to  confirm  the  conclusion 
drawn  by  Sir  John  Macneil ;  for  the  wear  of  shoes  is  due 
entirely  to  abrasion,  whilst  that  of  the  surface  of  the  road 
is  due  to  abrasion  combined  with  excavation.  According 
to  another  of  his  estimates,  it  appears  that,  in  running 
63,000  miles,  1,000  pounds  of  shoe-iron  were  worn  away; 
showing  that  63  miles  were  run  by  a  horse  for  each  pound 
of  shoe-iron  worn  off.  It  also  appeared  that  for  an  equal 
mileage  of  maU-coaches  and  stage-coaches,  of  which 
the  hind  wheels  were  4  feet  8  inches  high,  and  the  fore 
wheels  3  feet  high,  the  tires  were  worn  down  £rom  the 
original  section,  2  inches  wide  by  i  inch  thick  to  a 
thickness  of  i  inch,  losing  327  pounds;  showing  that 
193  miles  were  run  by  a  coach  for  each  potmd  of  tire-iron 
worn  off,  or  three  times  the  mileage  run  per  poimd  of 
slioe-iron. 

From  the  evidence  of  the  comparative  wear  of  shoe-iron 
and  tire-iron,  and  other  considerations,  Sir  John  Macneil 
framed  an  estimate  of  the  relative  proportions  in  which  a 
road  was  deteriorated  by  the  action  of  atmospheric  changes, 
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wheels,  and  horses'  feet.    For  "  the  generality  of  roads  " 
the  proportions  were  as  follows : — 

Cause  of  Wear  or  Injury.            For  Fast  Coaches.  For  Wagons. 

per  cent.  per  cent. 

Atmospheric  changes        •            .           20  20 

Wheels       .            .            .            .20  35*6 

Horses'  feet  that  draw  the  Tebicles          60  44*5 


100  100 

Mr.  James  Macadam,  in  1831,  considered  that  a  vehicle 
of  any  description,  required  to  carry  a  great  load,  say, 
5  or  8  tons,  ought  to  have  wheels  with  tires  at  least  4^  inches 
wide,  flat  or  cylindrical.  He  preferred  that  width  to  any 
other  width,  being  of  opinion  that  it  was  the  maximum 
width  of  tire  that  could  at  the  same  instant  touch  the  sur- 
face of  a  well-formed  road.*  For  a  gross  weight  of  8  tons, 
or  2  tons  per  wheel,  it  is  seen  that  the  weight  amounted 
to  9  cwt.  per  inch  of  width — considerably  in  excess  of  the 
working  limit  assigned  by  Sir  John  Macneil. 

M.  Dupuit  tested  the  width  of  surface  in  active  contact 
with  tires  of  various  widths,  on  roads  slightly  wetted;  and 
he  found  that  the  marks  of  contact  with  the  road  traced  on 
the  middle  of  the  tires  were  practically  of  equal  width  for 
various  widths  of  tire,  amounting  to  about  3^  inches  on  a 
tire  6i  inches  wide.  The  pressure  appeared  not  to  have 
been  uniformly  distributed  over  the  width  of  surface  in 
contact ;  and  near  the  edges  of  the  tires  the  pressure  was 
nearly  nothing.  On  the  tires  of  a  stage-coach,  5^  inches 
wide,  the  width  of  contact  was  limited  to  2^  inches.  M. 
Dupuit  ascribes  the  limitation  of  width  of  contact  to  the 
natural  rounding  of  the  tires  by  wear  and  stress,  towards 
the  edges,  by  which  the  circumference  of  the  wooden  fellies 
themselves  are  likewise  rounded ;  and  he  condemns,  as 
illusory,  the  use  of  wide  tires  for  the  better  distributing  of 
excessive  loads.    He  maintains  that  wide  tires  are  only 

*  Beport  of  the  Select  Ck>mmittee  on  Steam  Carriages,  1831,  page  91. 
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useful  when  they  take  a  bearing  for  the  whole  width, 
which  can  only  happen  when  the  road  is  soft,  loose,  or  in 
bad  condition ;  or  when  the  ruts  are  filled  up  and  require 
to  be  rolled.  As  a  matter  of  fact,  a  6}-inch  tire  practically 
becomes,  after  a  few  days,  a  5i-inch  tire ;  and,  after  a  few 
months  of  wear,  a  4J-inch  tire.  He  adds  that  6f-inr>h 
tires  wear  out  after  running  10,000  miles,  losing  530 
pounds  of  iron ;  showing  that  for  each  pound  of  iron  worn 
off,  19  miles  were  traversed: — less  than  a  fourth  of  the 
mileage  per  pound  deduced  from  Sir  John  Macneil's 
data  for  wagons,  and  coimtenancing,  certainly,  M.  Dupuit's 
opinion  that  great  width  of  tire  is  illusory,  and  adds  weight 
without  efficiency. 

From  these  and  other  considerations,  it  is  obvious  that 
the  wear  of  macadam  roads  must  necessarily  be  much 
greater  than  that  of  paved  roads  or  streets.  Mr.  Mitchell's 
remarkable  analysis  of  the  material  of  a  macadam  road, 
about  to  be  noticed,  places  this  conclusion  in  a  clear 
light. 

A  cubic  yard  of  broken  stone  metal,  of  an  ordinary 
size — 2  inches  or  2 J  inches  cube — when  'screened  and 
beaten  down  in  regular  layers  6  inches  thick,  contains, 
according  to  Mr.  Mitchell,  1 1  cubic  feet  of  interspaces,  as 
tested  by  filling  up  the  metal  with  a  liquid.  Herr  E. 
Bokeberg,  of  Hanover,  who,  says  Mr.  Paget,  made  many 
very  careful  experiments  on  the  proportion  of  vacuity  to 
solid  material,  found  that,  in  a  loosely-heaped  cubic  yard 
of  broken  stones,  void  space  amounted  to  one -half  of 
the  total  volume.  As  the  stones  became  rounded  at  the 
comers  by  wear,  the  vacuities  were  reduced  to  37  per  cent. 
of  the  gross  bulk,  or  to  10  cubic  feet  These  results  indicate 
that  the  interspaces  of  the  new  stones  were  reduced  by 
compression  to  nearly  the  same  volume  as  was  attained  after 
the  comers  had  been  rounded  without  compression.  The 
operation  of  consolidation  necessarily  reduces  the  thickness 

L 
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of  the  coating.  A  large  portion  of  tlie  vacant  space  be- 
comes filled  witli  mud,  which  forms  the  cementing  matter/ 
ground  from  the  metal.  The  primitive  mass  of  16  solid 
cubic  feet  of  broken  stone  is,  in  fact,  crushed  into  every 
variety  of  form  down  to  the  finest  sand, — a  small  proportion 
only  of  the  stones  remaining  of  their  original  dimensions. 
Mr.  Mitchell*  g^ves  the  results  of  an  analysis  of  a  portion 
of  the  crust — 2  J  cubic  feet— of  the  macadamised  road  in  the 
Mall,  in  St.  James's  Park,  which  was  taken  up  for  examina- 
tion. The  component  parts  of  the  sample  were  carefully 
separated  and  classed,  when  it  was  found  that  one  cubic 
yard  contained — 

Mud     ......* 

Sand,  with  pebbles,  not  exceeding  3-16  inch  thick 
Stones,  from  3-16  inch  to  J  inch         •  • 

Stones,  from  J  inch  to  1  inch .... 
Stones,  from  1  inch  to  2^  inch  • 

Total  To'ume,  1  cubic  yard,  or    27  00     „  100 

From  this  analysis,  it  appears  that  less  than  9^  per  cent. 
— say,  one-tenth — of  the  original  stone  escaped  unground ; 
whilst  40  per  cent,  of  it  was  reduced  to  the  state  of  mud. 
These  proportions,  taken  as  they  stand,  are  too  favourable 
for  the  duration  of  the  stone  in  that  instance,  for,  no  doubt, 
the  sample  was  a  sample  of  the  remains  of  stone,  much  of 
which  must  have  been  swept  or  washed  oE  out  of  sight. 
Mr.  Burt,  therefore,  cannot  be  much  amiss  in  his  estimate 
that  one-third  of  the  loose  load-material  used  in  London  is 
literally  wasted  by  being  ground  up  imder  the  traffic 
before  the  consolidation  of  the  surface  is  effected. 

The  logical  inference  is  that  a  macadamised  road  is  not 
properly  fit  for  traffic  unless  it  is  condensed,  consolidated, 
and  reduced  to  a  hard  and  regular  surface  by  suitable 

*  '^ A  New  Mode  of  Oonrtmoting  the  Surface  of  the  Streets  and  ■ 
Thoroughfares  of  London  and  other  Great  Cities,''  1870. 
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appliances.  The  road-roller  has  long  been  successfully 
employed  in  France  and  Germany  for  this  purpose.  Mr. 
Paget*  states  that  a  well-rolled  road-covering  contains  at 
least  from  70  to  80  per  cent,  of  mass  of  stone,  leaving  only 
from  20  to  30  per  cent,  of  intermediate  space,  most  of 
which  is  filled,  especially  at  the  top,  with  clean  sand.  In 
a  cubic  yard,  the  spaces  would  amount  to  from  5  J  to  8  cubic 
feet,  which  would  prove  that  the  spaces  are  reduced  by 
rolling  to  nearly  a  half  of  the  amount  when  the  new  metal 
is  not  rolled.  It  is  scarcely  necessary  to  insist  on  the  in- 
crease of  durability,  and  the  clear  gain  in  economy  of 
maintenance,  of  the  road,  by  efficient  rolling.  The  reduc- 
tion of  gross  bulk  by  the  process  of  rolling,  is  measured  by 
the  difference  of  the  volumes  of  interspace,  13^  cubic  feet, 
or  half  a  cubic  yard,  and,  say,  6i  cubic  feet,  the  mean  of 
6  J  and  8  cubic  feet ;  that  is,  the  reduction  is  (13^^  —  6i  =) 
6  J  cubic  feet,  which  is  one-fourth  of  the  primitive  bulk,  or 
one-half  of  the  primitive  volume  of  the  interspaces. 

It  was  said  by  Macadam  that  the  annual  wear  of 
metalled  roads  amounted  to  from  1  inch  to  4  inches  of 
depth.  The  rate  of  vertical  wear  is  readily  calculated 
when  the  area  of  surface  covered  and  the  quantity  of 
metal  deposited  are  known. 

Since  a  cubic  yard  of  loose  broken  stone  contains  only 
one-half  of  its  volume,  or  1 3  J  cubic  feet,  of  solid  stone,  its 
weight,  allowing  12  cubic  feet  of  solid  granite  to  1  ton,  is 

approximately,  1  X  -r—  =  IJ  ton. 

Again,  one  cubic  yard  is  equivalent  to  36  square  yards 
1  inch  deep ;  and  1  ton  of  metal  laid  without  compression 

to  a  depth  of  1  inch  covers  an  area  of  (36  x  —  ~)    ^^ 

la 

square  yards.     "When  the  metal  is  laid  and  rolled,  the 
•  "  Report  on  Steam  Road-Uolling,*'  p.  10. 
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primitive  volume  is  reduced,  as  was  found,  by  one-fourth, 

and  1  ton  of  rolled  metal  laid  to  a  depth  of  1  inch  covers 

an  area  one-fourth  less  than  32,  or  (32  x  J  = )  24  square 

yards. 

On  these  data,  the  following  rules  are  framed : — 

Rule  1. — To  find  the  average  vertical  depth  of  wear  per  year 

of  a  macadamieed  road,  when  the  area  of  surface,  and  the  weight 

of  metal  laid  per  year,  are  given, — ^Multiply  the  quantity  of 

broken  granite  laid  per  year,  in  tons,  by  32  when  not 

rolled ;  or  by  24  when  rolled ;  and  divide  the  product  by 

the  area  covered,  in  square  yards.     The  quotient  is  the 

average  vertical  depth  of  wear  per  year. 

For  example,  Mr.  Redman  stated,  in  1854,  that  on  the 

Commercial  Boad,  in  the  east  end  of  London,  10  yai'ds 

wide  and  2  miles  long,  the  quantity  of  coating  of  broken 

granite  required  was  from  1  inch  to  H  inches  deep  per 

year,  or  a  total  of  1,200  tons  of  metal.     The  heavy  traffic 

of  the  road  was  then,  as  it  is  now,  conveyed  on  two  lines 

of  granite  tramway,   consisting  of  four  tracks  16  inches 

in  width,  occupying  together  a  width  of  64  inches,  or  1*78 

yards.      The    net  width    for  macadam    was,   therefore, 

(10  —  1-78  =)  8-22  yards.     The  length  was  (2  x  1,760  =) 

3,520  yards;  and  the  area  of  macadam  was  (3,520  X  8*22 

=)  28,934  square  yards.     By  the  rule,  for  unrolled  metal, 

the  average  vertical  depth  of  material  supplied,  and  of 

1  200  X  32 
course  worn  ofP,  was    '  — ,  =  1*33  inches  ;  which  is 

nearly  the  mean  of  1  and  H  inches  given  by  Mr.  Eedman.- 
The  converse  rule  follows  directly  : — 

Rule  2.: — To  find  the  area  of  surface  that  can  he  covered  hy 
one  ton  of  broken  granite,  when  the  thickness  of  the  layer  is 
given. — Divide  32  by  the  thickness  of  the  layer,  in  inches, 
imrolled ;  or,  divide  24  by  the  thickness  of  the  layer,  in 
inches,  when  rolled.  The  quotient  is  the  area  in  squai*G 
yards. 
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When  the  quantity  is  given  in  bulk,  the  rule  is  as 
follows : — 

Etjle  3. — 2b  find  the  area  of  mrfaee  that  can  he  covered  hy 
one  cuhie  yard  of  broken  granite,  when  the  thickness  of  the  layer 
is  given, — ^When  the  metal  is  not  rolled,  divide  36  by 
the  thickness  in  inches ;  the  quotient  is  the  number  of 
square  yards  that  can  be  covered.  When  the  metal  is 
rolled,  divide  27  by  the  final  thickness  in  inches,  to  give 
the  required  quotient. 

The  carriage-way  of  old  Westminster  Bridge,  30  feet 
wide,  was  worn  away,  according  to  Mr.  Browse,  at  the 
rate  of  5  J-  inches  annually ;  the  carriage-way  of  Bridge 
Street,  adjoining  the  bridge,  wears  off  7  inches  per  year. 

The  quantity  of  broken  metal  worn  away  annually  from 
the  surface  of  roads,  is  an  exceedingly  variable  quantity, 
dependent  not  only  upon  the  nature  of  the  traffic,  but  also 
upon  the  mode  of  maintaining  the  road.  A  simple  method 
of  approximating  to  the  annual  rate  of  wear,  when  direct 
evidence  is  wanting,  is  suggested  by  data  given  by  Mr. 
Paget.*  He  takes  the  average  price  of  the  five-ounce 
Guernsey  granite  metalling,  used  in  London  in  1869-70, 
at  16«.  per  ton  delivered  on  the  roads,  and  he  shows  that 
the  cost  of  the  material  formed  a  large  proportion  of  the 
total  cost  for  maintenance.     For  instance : — 


Total  cost  for 

Cost  of 

maintenance. 

materiaL 

Bond  Street 

£245 

£216 

or  88  per  cent. 

Piccadilly 

1384 

1359 

f»  98      „ 

Bridge  Street,  Westminstor     . 

341 

305 

»   89      „ 

Parliament  Street 

528 

473 

»»  90      „ 

Victoria  Street              •           , 

869 

744 

n    86       ,i 

Kensington  Road         •           < 

1588 

1414 

»  90      ^ 

Totals  .        4955  4511         „  91      „ 

showing  that  about    nine-tenths   of  the  whole   cost    Ib 
•  «  Report  on  Steam  Itoad-BolUng,''  page  82. 
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expended  on  the  purchase  of  metal.  When  the  total  cost 
is  known,  therefore,  together  with  the  superficial  area  of 
carriage-way  maintained,  the  cost  may  be  converted  into 
tons  by  dividing  it  by  16*.,  and  the  quantiiy  and  depth  per 
square  yard,  approximately,  may  be  deduced. 


CHAPTER  IV. 

MACADAMISED  KOADS :— C50ST. 

London. 

The  price  of  Ghiemsey  metalling,  delivered  in  London, 
is  now  (1877)  about  17«.  6d,  per  ton.  An  ordinary  mac- 
adamised road,  constructed  in  the  best  manner,  with,  metal 
laid  9  inches  deep,  costs,  at  London  prices,  6«.  3i.  per 
square  yard. 

It  appears,  from  a  table  elaborated  by  Mr.  Paget,*  that 
in  1869  there  were  1,127  miles  of  macadamised  roads  in  the 
metropolis,  maintained  by  39  parishes  and  district  boards  of 
works,  comprising  an  area  of  upwards  of  21J^  millions  of 
square  yards.  The  expenditure  for  maintenance,  exclusive 
of  cost  for  cleansing  and  watering,  averaged  from  four- 
teen of  the  returns,  amounted  to  £250  per  mile  of  road  per 
year,  equivalent  to  2«.  lOd,  per  lineal  yard.  If  the  average 
width  of  roadway  be  taken  at  10  yards,  the  cost  would  be 
at  the  rate  of  3*4  pence  per  square  yard.  The  ascertained 
costs  of  maintenance  appear  to  have  varied  from  If  pence 
to  2«.  per  square  yard  per  year  for  broken  granite  covering ; 
and  for  granite,  and  flint  and  gravel  coverings,  taken  to- 
gether, from  IJ  pence  to  14  J  pence.  The  following 
table.  No.  13,  is  abstracted  from  the  larger  table  of  Mr. 
Paget: — 

•  «  Report  on  Steam  Road-KoUing." 
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E  No.  13.— Macadamised  Roads  in  London:  Annual  Gobi  o 
Uaintenance  of  some  op  these  Boads  in  1SG8-69. 
[Eiclusivo  o[  Qeaiuing  and  Watering.) 


■sa's^se 

L(ddinthbiok«D 
gianlt«. 

Laid  with 

broken  flint!  or 
gMWrL 

Tot»lof™». 
adBmiKdnud. 

! 

< 

1 

1 

-<* 

! 

1 
1 

1 

! 

1 
! 

1 
1 

St.  Mary,  Lambeth 
St.   George,    Han- 
over Square  .    . 

ditch    ...     . 
St.  Mary,  Newing- 

St.  Gil'eB,"cimber; 
weU      .    .     .     . 

St.  Jamea  and  St. 
John,  Clerken- 
weU      .... 

St.  George  the  Mar- 
tyr, Sonthwark  . 

St.  Martin's-in-tJie- 
Fields  .... 

Mile  End  Old  Town 

St.  John,  Hamp- 
stead    .    .     .     . 

Westminster  Dis- 
trict     .... 

Wandsworth-Bat. 
tersea   .... 

Wandsworth-Toot- 
ing,  Streatham  . 

Hackney  District   . 

Strand  District 

St.  Saviour's      ,    . 

FluuLSteod     .    .    . 

inla.rd> 
15       0 

U       D 

S      0 
T      0 

2      (1 
15      0 
1  413 

7  0 
0  170 

8  0 
27      0 

feet. 

10 

33 
30 

20 

d. 
6} 

I3i« 

2 
10  t 

21  0 

43  0 
9  0 

13  0 

fee!, 
40 

a. 

1-31 

a. 

*  Princiiaf  UiotODghfiiTS  of  St.  MortiD'i-in.lJie-Fieldi  ant 

t  ^MBCott,  otJtli.,  je  the  tost  to 
hiU.  Gztat  OeoTge  Street,  BroBd  Ban 

Bmilli  Btieel,  James  Street,  Kensiiifftoc. 

udBoolieiterBoir.   Total  area— IS,32»  tguaro  rudi. 


per  KiQare  Jarfl 

of  ParUBment  Btreet.  While- 
Street,  Briage  Street,  Oreat 
iUtion  Si»d,  Frincst  Street, 
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The  actual  extent  of  tlie  variation  of  tlie  cost  of  mainte- 
nance of  macadamised  roads  in  London,  is  not  revealed  by 
these  tabulated  statements.  The  oosts  for  individual  roads 
or  streets, — ^principal  thoroughfares, — exclusive  of  cleans- 
ing, have  been  stated,  by  various  competent  authorities, 
to  be  as  follows :— 


Annual  coat 

Tear. 

Per  sq.  yd. 

Parliament  Street         .            .            • 

1856 

2s.  4d. 

Do. 

1869 

38.  3d. 

Bridge  Street,  Westminster 

1856,   1869 

38.  e^d. 

Great  George  Street,  Westminster 

1856 

6id. 

Westminster  Bridge  (Old)        • 

1854 

2s.  Od. 

Piccadilly          •           •            •            . 

1834—63 

2s.  5d. 

Do.              •           •            •           . 

1870 

8s.  6d.  to  48. 

Regent  Street    .... 

1876 

3s.  7d. 

Cranboume  Street  and  North  Side  of 

Leicester  Square    •           .           • 

1870 

•            • 

2s.  Od. 

Average  annual  cost 

2s  7Jd. 

If  the  average  amount  of  vertical  wear  be  estimated 
from  these  rates  of  cost,  in  the  manner  before  indicated, 
taking  90  per  cent,  as  the  cost  for  metal,  the  vertical  wear 
would  be  found  to  vary  from  1  inch  to  7  inches  per  year. 
But,  it  must  be  admitted,  this  mode  of  estimation,  though 
suggestive,  is  inexact. 

Suburban  Highways. — The  Author  is  indebted  to  Mr. 
George  Pinchbeck  for  statistics  of  the  cost  for  maintaining 
the  suburban  highways  of  the  Metropolis,  Middlesex  side, 
for  one  year,  in  or  about  the  year  1855.  The  highways 
were  comprised  in  the  following  Metropolitan  Trusts : — 
Kensington,  TJxbridge,  Harrow,  Kilburn,  Highgate,  Hamp- 
stead  and  Islington,  Stamford  Hill,  and  Hackney  Lea 
Bridge. 

Total  length  of  roads  for  this  account,  123J  mile». 
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Total.  Fermfla. 

Day  labour,  indnding  tlie  pumping  of  water  .        •  £9,600  £77*03 

Digging  gravel  and  preparing  materials,  per  contract  1 ,830  1 4*84 

Tram  labour,  including  watering     •        •        .        .  13,500  109*50 

Flints,  per  contract .  1,951  15*82 

Gravel         do 2,460  19  94 

Granite  and  hard  stone     .        .        «        •        «        •  29,430  238  60 

\Mieelwright  work,  per  contract      ,        ♦        «  640  5*19 

Implements 255  207 

Smiths •        .  158  128 

Carpenters .  251  2*04 

Bricklayers      .        .        .     ' 328  2*60 

Stand-posts,  water-plugs,  pumps : — Ecpaira    •        •  365  2*96 

ravior'sbiU 165  1*34 

Water  for  Roads,  from  Companies  .        .        , .       .  2,000  16-22 

Material  and  Labour £62,833  or  £509*5 

Rent  of  Premises 270          219 

Salariesof  Eight  Surveyors,  at  £i;0        .        .        .  1,360  11*03 

Do.          >:nginecr-in-Chief 700          5*68 

Do.          Solicitor 400          3*25 

Do.         Accountant 350          2 -85 

General  Expenses £3,080  or  £25*0 

Total  Cost £65,913  or  £5345 

If  the  width  be  taken  at  an  average  of  30  feet,  or  10 
yards,  the  area  maintained  per  mile  would  be  17,600  yards; 
and  the  total  cost  would  amount  to  7*29  pence,  say  Hd., 
per  square  yard  for  the  year,  made  up  as  follows : — 

Per  square  yard. 
Material  and  Labour «        «        •        »        •        6*95  pence 
General  Ezpenset      •       •       •        •       •  *34     „ 

7*29  pence. 

There  were  required,  in  addition,  the  services  of  42  Com- 
missionersi  which  were  reniered  gratuitously. 
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The  cost  for  material — ^that  is,  gravel,  flints,  and  granite 
and  other  hard  stone— amounted  to  £35,671  per  year,  or 
£289*20  per  mile,  or  about  4  pence  per  square  yard ;  being 
54  per  cent,  of  the  total  expenses. 

For  the  purpose  of  forming  an  estunate  of  the  quantities 
of  granite  and  flints  consumed  by  wear,  Mr.  Pinchbeck 
calculates  them  from  the  total  costs  for  the  materials, 
allowing  15  shillings  per  cubic  yard  for  granite  and  hard 
stone,  and  4  shillings  for  flints.  He  thence  deduces  that 
the  total  quantities  consumed  were  4,000  cubic  yards  of 
granite  laid  over  100  miles  of  road,  and  10,000  cubic  yards 
of  flint  laid  over,  say,  25  miles  of  road ;  being  at  the  rate 
of  about  7i  inches  deep  of  granite  and  of  flints  for  the 
year. 

Local  Bonds, — The  minor  roads  of  the  parish  of  Islington, 
36  miles  in  length,  were  maintained  by  the  authorities 
themselves.  The  average  cost  during  four  years  was 
£8,424  per  year,  or  £234  per  mile;  which,  taking  an 
average  width  of  30  feet,  would  be  at  the  rate  of  3*lr5 
pence  per  square  yard. 

BlRMINOHAM. 

According  to  the  results  of  the  experience  of  mac- 
adamised roads  in  Birmingham,  in  1853,*  it  was  found 
that  the  vertical  wear  in  Bull  Street  was  less  than 
6  inches  per  year,  where  2,484  vehicles,  comprising  very 
heavy  traffic,  passed  in  ten  hours  in  one  day.  With  this 
exception,  the  greatest  amoimt  of  wear  was  4  inches  per 
year,  and,  taking  the  average  wear  for  the  whole  borough 
at  2  inches  per  year,  which  was  a  very  high  rate,  the  total 
cost  for  maintenance  was  estimated  at  4d.  per  square  yard 
per  year.  Adding  2d.  for  the  cost  of  watering  and  cleansing, 

•  "  On  Macadamised  Boads  for  the  Streets  of  Towns,"  by  Mr.  J.  P. 
Smith,  in  the  Froceedinffs  of  the  Institution  of  Civil  Engimers^  vol.  xiii. 
page  221. 
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the  total  annual  cost  was  estimated  at  6d,  per  square 
yard. 

But  the  actual  cost  for  the  year  1 853,  when  the  actual 
average  wear  was  1 J  inch  per  year,  amounted  to  a  little 
over  Sid,  per  square  yard.  The  items  of  cost  are  given  as 
follows : — 

Length.    Area.  Mat«rial  used.  Costoi 

Miles.   Sq.yds.     Toxm.  mateiial. 

Urban  slTeets      .      34      859,040    20,112raff  stone,  fto.,       atte.  lid.   £5,949  18  6 

Suburban  streets 

and  roads        .    116    1,429,120    86,107  pebbles  and  gravel,  at  28. 6d.    4,613    7  6 

150    1,788,160    56,219  10,463    6  0 

Mr.  Smith  takes  the  volume  of  materials  at  the  rate  of 
a  cubic  yard  jier  ton,  whence  the  calculated  rates  of  vertical 
wear  :— 

Vertical    Cost  of 
Material,      wear     material 
Cub.  yds.   per  yd.  persq.yd. 
inches,    per  year. 

Urban  streets  .  .  •        20,112        2  4(L 

Suburban  streets  and  roads .  .        36,107        0*91      }d. 


Total         .        66,219  IJ        1-40 

The  cost  for  labour,  haulage,  management,  &c.,  inclusive 
of  cleansing  and  watering,  amounted  to  £16,131  58.  6d.; 
and  the  items  of  cost  may  be  presented  concisely  thus : — 

Birmingham.  1853.  ^«'  «!•  ^^'  ^^^^ 

Macadam  .  .  .      £10,463    6    0        l'40d.      £70* 

Labour,  management,  &o.        16,131    5    6        2'16d.      108 

26,594  11     6        8-56d.     £178 

showing  a  total  cost  of  3-56  pence  per  square  yard  per  year, 
as  before  stated;  or  £178  per  lineal  mile  of  street  and 
road. 

The  statement  in  detail,  supplied  by  Mr.  Smith,  shows 
the  respective  amounts  for  the  various  items  of  cost,  as  here 
given.  The  proportional  values  of  these  amounts  are  added 
as  percentages  of  the  total  cost : — • 


OOST. 


167 


'Birmmffham. 

1853. 

Percent 

i.  Staff  of  officers  and  men         •           • 

£6,979  10  7 

26-3 

2.  Keep  of  63  horses,  shoeing,  and  Ycte- 

rinary  expenses      .            •           • 

3,276    0  0 

12-3 

8.  Hagstone  and  Hartshill  stone            • 

5,949  18  6 

22*4 

4.  Pebbles  and  gravel     •           •           • 

4,513    7  6 

170 

6.  Water 

771    3  8 

2-9 

6.  Cleansing  machines  and  brooms 

965    6  8 

3-6 

9.  Team  hire 

631    7  2 

2-4 

10.  Kent     .... 

12    0  0 

00005 

11.  Clearing            •            •           • 

114    6  4 

0-4 

12.  Wheelwright   . 

423    7  3 

1-6 

18.  Stationery        .           .            « 

117    7  9 

0-4 

22.  Simdry  accounts 

•      2840    6  1 

10-7 

Total  cost  for  maintenance,  cleansing 

and  watering    .            • 

'  £26,594  11  6 

1000 

Here  it  is  shown  tliat  tlie  cost  for  macadamising  materials 
for  maintenance  amounted  to  about  40  per  cent,  of  the 
total  cost.  The  cost  of  coarse-grained  scKist,  with  23  per 
cent,  of  lime,  was  4«.  9d.  per  cubic  yard.  For  heavy 
thoroughfares,  it  was  broken  up  into  cubes  of  about 
2  inches ;  but,  in  some  cases,  where  the  traffic  was  more 
than  ordinarily  severe,  the  pieces  were  4  inches  in  thick- 
ness. Generally,  for  streets  with  less  traffic,  the  thickness 
was  from  1  inch  to  H  inches.  The  size  of  the  stones  was 
proportioned  to  the  wear  and  tear  of  the  streets,  and  was 
suited  to  the  season  of  the  year. 

In  the  management  of  repairs  by  Mr.  Smith,  they  were 
executed  during  the  winter  months — ^November,  December, 
January,  and  February — ^when  the  roads  were  in  their  wettest 
condition ;  and  during  the  other  months  of  the  3'ear,  the 
horses  were  employed  in  bringing,  and  the  men  in  pre- 
paring, the  broken  stone  and  gravel.  The  new  material, 
laid  in  the  wet  season,  bonded,  and  became  more  rapidly 
consolidated,  than  if  it  had  been  laid  down  during  drier 
weather,  and  there  was  less  need  for  watering  it.  Tlie 
consequence  was  that,  during  summer,  loose  stones  wore 
scarcely  to  be  seen  upon  the  roads. 
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Whilst  the  average  cost  for  maintaining  the  whole  of 
the  macadamised  streets  and  roads  of  Birmingham  has 
been  shown  to  be  about  3Je?.  per  square  yard  per  year,  the 
following  estimates  were  framed  by  Mr.  "W.  Taylor,  of  the 
first  cost,  and  the  cost  for  maintenance  and  cleansing  the 
streets  of  the  greatest  traffic  in  Birmingham,  when  mac- 
adamised, and  when  paved  with  granite  sets ;  taking  a 
period  of  fifteen  years  for  the  duration  of  the  sets,  and 
taking  a  vertical  wear  of  4  inches  of  macadam  annually : — 

Macadam 
Binningham.  Per  square     Per  year 

yaid.  d. 

Macadam  6  inches  thick,  first  cost  .  .        Is.  6d.  or     1-2 

Coating  laid    twice   a  year,  4  inches    thick, \      ..     ^^        -.  « 
annuaUy,  14  years  at  Is.        .  .  /      ^*®-  "^*  "  ^^'^ 


15s.  6d.  „   12-4 
Cleansing,  15  years  at  4d.  •  •  •        5s.  Od.  „     40 


Total  cost  for  macadam,  in  15  years      •      208.  6d.  „  16*4 


Paving. 

Persquoie  Per  year. 

yard.  a. 

Paving,  first  cost        •  •  .73.  6d.    or  6-0 

llepair,  15  years  ,  ,  .Is.  6d.      „  1-2 


9s.  Od.      „  7*2 

Deduct,  value  of  old  stone     .  •        2s.  6d.      ^  ^'^ 


6s.  6d.  6-2 

Cleansing,  15  years  at  Id.      .  «        Is.  3d.     „  I'O 


Total  cost  for  paving,  in  15  years       7s.  9d.      „  6*2 

Derby. 

The  streets  of  Derby  axe,  or  at  least  they  have  been 
until  recently,  macadamised,  with  one  exception,  which 
is  paved.  The  following  instructive  table  gives  particulars 
of  cost  for  maintenance  and  cleansing  of  twelve  principal 
streets  in  Derby,  and  the  proportional  traffic* 

*  Slightly  adapted  from  a  Table  given  in  a  Report  of  Mr.  E.  B» 
EUice-Clark,  Surveyor  to  the  Borough  of  Derby,  May,  1876. 
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Table  No.  14. —  Bebbt. — ^I^Iacadamisei)  Streets,  Costs  foe  Mainte- 
nance AND  ClEANSINO. 


Total 
annual 
coBt  for 
mainte- 
nance 
and 
cleans- 
inff  per 
sq.  yd. 


Name  of  Street. 


Bridge  Gate 
St.  Helen's  Street 
Waxdwick  » 
Iron  Grate    • 
Com  Market 
St.  Peter's  Street 

London  Head 

London  Street     . 
Tenant  Street 
St.  James's  Street 
Siddals  Road 


Area. 


sq.  yd 
2931 
1203 
984 
1562 
1695 
3230 

4859 

2847 

1245 

995 

4728 


Averages  for 
macadam 


Derwent  Street, 

paving  down 

7  years 


3483 


BCftteiial. 


Annual 
cost for 
mainte- 


Broken  boulders 
Do.    granite . 
Do.        do. 
Do.        do. 
Do.        do. 
Do.        do. 
Do.  boulders ) 
and  granite  j 
Do.        do. 
Do.        do. 
Do.        do. 
Do.        do. 


nance 

per 

equare 

yard. 


cost for 
cleans- 
ing per 
equare 
yard. 


SetsS"X  5" 


11 


nil 


4i 


2i 


Xumbei 
of  vehi- 
cles in 

12 
homtk 


s. 


d. 

2  i 
1  7| 
1  11 

llf 

lOj 

1    6] 

1   ll 

1    6} 
10 

m 


1     3i 


2i 


J 


vehicles 
1268 
583 
1258 
1506 
2031 
2762 

1272 

1200 

1250 

711 

1931 


1431 


1658 


It  is  to  be  remarked,  in  this  table,  that  the  boulder 
macadam  of  Bridge  Gate  incurs  a  higher  cost  for  mainte- 
nance than  any  of  the  granites.  Wardwick,  upon  which 
the  greatest  cost  for  cleansing  is  expended,  is  cleansed 
daily.  The  average  annual  cost  for  maintenance  for  eleven 
macadamised  streets  is  lid,  per  square  yard,  and  for 
cleansing  4ie?. ;  whilst,  for  the  seven  years  during  which  the 
paving  has  been  down,  it  has  not  cost  anything  for  main- 
tenance, but  it  has  cost  for  cleEuising  2ld. 

Mr.  Ellice- Clark  has  formed  estimates  of  the  cost  for 
construction  and  maintenance  of  granite -set  paving,  in 
substitution  for  macadam,  for  five  streets  in  Derby ;  from 
which  the  following  table,  No.  16,  is  compiled : — 
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Table  No.  15.— Derby: — ^Estimated  Cost  tor  Pavixo  amd  MirNtAiK' 

INO  Five  Streets. 

Granite  Sets  3  laches  wide  by  5  inches  deep. 


Kame  of  Street. 


Bridofe  Gate 
St.  Helen's  Street 
Lon  Ion  Read      • 
Tenant  Street 
Sidda's  Road 


Averag^es 


Dora- 
tion  of 
Pa>-e- 
ment. 


24 
29 
32 
28 
32 


29 


First  eost 

I)er  square 

yard. 


Total. 


8.  d. 
13  0 
13  0 

12  6 

13  0 
12  6 


Per 
j'ear. 


d. 
6-6 
6-4 
4-7 
0'5 
4-7 


5-36 


Cost  for 

maintenance 

per  square 

yard. 


TotaL 


8. 

7 
7 


d. 

6 

6 


6  6 

7  2 
6  6 


Per 
year. 


d. 
3-8 
3-1 
2-44 
31 
2-44 


30 


Total  cost 

per  square 

yard. 


Total. 


s.  d. 
2J  6 
20  6 
19 
20 
19 


0 
2 
0 


Per 
year. 


—     8-36 


The  first  cost  includes  the  cost  for  a  foundation  of  con- 
crete. No  deduction  has  been  made  by  Mr.  Ellice-Clark 
for  the  value  of  the  old  materials ;  this  is  taken  as  equi- 
valent to  the  cost  of  removing  the  existing  macadam.  In 
the  estimates  for  maintenance,  provision  is  made  for  taking 
up,  re-dressing,  and  re-lajing  the  stones  once  during  the 
period. 

From  the  foregoing  data,  a  comparison  is  readily  framed 
between  the  costs  in  perpetuity  for  macadam  already  laid 
and  new  granite-paving,  including  a  foundation  of  con- 
crete, for  the  £ve  streets  named  in  the  last  table : — 


COSft. 
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Table  No.  16.— Debbt: — Compabatiye  Costs  fob  Gbanite  Fayb 

MENT  AND  MaCADAM. 

Favement  of  Granite  Sets,  3  inches  by  5  inches  deep. 


Nome  of  Street 

1 

Dura- 
tion of 
Pave- 
ment. 

Total  cost  for  pave- 
ment per  sq.  yd., 

including  founda- 
tion of  concrete. 

Total  cost  for 

macadam,  already 

laid,  per  square 

yard. 

Number 

of 

vehicles 

in  12 

hours. 

For  the 

whole 

period. 

1 

1 

Per  year. 

For  the 
whole 
period. 

Per  year. 

Bridge  Gate 
St.  Helen's  Street 
London  Road 
Tenant  Street 
Siddals  Koad 

Years. 
24 
29 
32 
28 
32 

8.    d. 
25  0 
25  4 

21  8 
23  8 

22  4 

8.     d. 

1     i 
io| 

10 
8| 

s.     d. 
49     0 
47     9 
24     8 
42     7 
18     6 

8.        d. 

2      i 
1    7} 

9; 
1     6: 

loj 

Vehicles. 
1268 
685 
1272 
1250 
1931 

Averages 

29 

24  2 

10 

39  11 

1     4} 

1261 

Stjndebxand. 

Mr.  D.  Balfour*  reported,  in  1876,  on  the  cost  for  main- 
tenance of  the  highways  of  the  Sunderland  and  Houghton- 
le-Spring  District,  before  and  after  the  passing  of  the 
Highway  and  Turnpike  Act  of  1869.  For  the  maintenance 
of  77J  miles  of  highway,  the  following  were  the  respective 
costs.    The  last  two  lines  are  added  by  the  writer : — 


Atebage  Annual  Expenditube. 


Materials  and  Labour . 
General  Charges. 


During  last 

8  years, 

Old  Act. 

JB1,903 


During  last 
6*  years, 
New  Ac^. 

£1,735 
284 


Total  Cost  .  .  .  £1,903 
Bo.  do.  per  nule  .  .  £24*5 
Do.    do.  per  square  yard  |  , 

allowing  width  of  30  feet  /   ^'^^^• 


£2,019 
£26 

3-66d. 


During  last 
Syears, 
New  Act. 

£1,509 
277 


£1,786 
£23 

8*14d. 


*  **  Bead  Legislation  and  Surveying."  By  D.  Balfour,  A.I.C.E., 
Surveyor  and  Engineer  to  the  Sunderland  and  Houghton-le-Spring 
Pistrict  Highway  Board,  1876. 

M 
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Districts  near  Edinburgh,  Glasgow,  and  Carlisle. 

Mr.  James  H.  Cunningliamy  in  his  paper  already  noted, 
gives  the  following  particulars  of  cost  of  construction  of 
macadam  roads  in  the  south  of  Scotland  : — 

Country  Eoads  (1861 — 1874)  cost  from  U.  2d.  to  U.  6d. 
per  square  yard. 

Town  Beads,  founded  on  shivers,  or  on  hard  set  stone : — 

15  inches  of  metal  (1871)  cost  Is.  9d.  per  square  yard. 

16  „  „         (1874)    „    28. 4d.       .„  „ 
18    „            „         (1873)    „    28.  Hid.    „ 

Of  whin  metal,  from  2  inches  to  2J  inches  thick, — ^the 
average  price  (1861 — 1874)  was  4«.  1.0d,  per  cubic  yard. 
In  Edinbugh  (1874)  the  price  was  5«.  9d,  to  7».  Sd.  per 
ton,  averaging  6«.  Sd.  per  ton,  and  as,  according  to  Mr. 
Cunningham,  one  cubic  yard  of  whin  metal,  containing 
40  per  cent,  of  vacant  space,  weighs  27  cwt.,  the  average 
price  is  at  the  rate  of  4«.  lOd.  per  cubic  yard, — the  same 
as  the  average  already  given. 


OHAPTEE  V. 

CONCRETE   E0AD8. 

Mb.  Joseph  Mitchell  designed  a  concrete  macadam  sur- 
face, in  wliich  the  spaces,  otherwise  vacant,  and  ultimately 
filled  with  the  muddy  cementing  matter  of  worn  macadam, 
are,  in  the  construction  of  the  concrete  road,  filled  with 
an  admixture  of  Portland  cement,  or  other  hydraulic 
cem«nt  grout.  The  concrete  thus  formed  rapidly  becomes 
a  uniform  and  impervious  mass,  which  is  wholly  unaffected 
by  heat  or  moisture.    It  is  mixed  in  these  proportions : — 

Broken  stones  *  4  •4  measares. 

dean  siharp  sand        «       .   «         li  to  1}^      „ 
Portland  cement         t  «  •      1        „ 

80,  for  a  cubic  yard,  or  27  cubic  feet,  of  broken  metal, 
6i  cubic  feet,  or  1 J  barrels  (of  4  J  cubic  feet),  of  Portland 
cement,  are  required.  The  broken  metal  should  be  of  the 
hardest  quality,  of  xmiform  size,  thoroughly  screened ;  and 
it  should,  when  in  the  screen,  be  dipped  up  and  down  in  a 
large  tub  of  water,  and  then  thrown  on  the  platform  on 
which  the  concrete  is  to  be  made.  Cement  of  the  best 
quality  must  be  employed,  and  the  sand  should  be  sharp, 
clean,  and  gritty.  The  surface  of  the  ground  is  brought 
to  form,  and  rolled  several  times.  The  concrete  is  then 
laid  on  the  surface  in  a  layer  3  or  4  inches,  and  is  left  for 
three  days  to  harden.  The  second  layer  of  3  or  4  inches 
is  next  laid  on  the  first,  and  immediately  rolled  to  foim 
with  a  heavy  iron  roller,  as  heavy  as  two  or  thi*eo  men  can 
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draw.  The  cement  should  be  left  for  three  weeks,  to  allow 
it  to  become  quite  hard,  before  the  road  is  opened  for 
traffic,  although  a  week  has  been  found  to  be  a  sufficient 
interval. 

Mr.  Mitchell  states  that  a  concrete  road,  7  inches  deep 
at  the  middle  and  5  inches  at  the  sides,  is  sufficient  for 
ordinary  traffic.  For  heavy  traffic,  a  depth  of  8  inches  is 
recommended. 

The  first  piece  of  concrete  road  was  laid,  in  1865,  in 
Inverness,  and  consisted  of  45  lineal  yards  of  the  approach 
to  the  goods  station  of  the  railway.  In  1870,  after  the 
road  had  been  under  traffic  for  4^^  years,  it  was  reported 
that  the  wear  of  the  sirface  was  scarcely  appreciable, 
whilst  the  adjoining  niacadamised  road  had  been  coated 
frequently  every  year. 

Another  specimen,  50  yards  long  and  15  yards  wide, 
was  laid  in  1866,  on  George  IV.  Bridge,  Edinburgh, 
where  the  traffic  is  heavy  and  continuous.  At  the  end 
of  3  J  years,  under  traffic,  the  surface  was  perfectly  sound 
and  immovable. 

The  amount  of  vertical  wear,  during  the  periods  above- 
named»  appears  not  to  have  exceeded  i  inch.  But  Mr.  J. 
H.  Cunningham,  writing  in  January,  1875,*  stated  that  it 
was  then  much  worn  at  the  surface,  in  consequence,  he 
thought,  of  its  great  hardness  and  rigidity. 

A  concrete  road,  of  6  inches  average  depth,  would  cost 
in  London,  by  Mr.  Mitchell's  estimate,  6«.  lOd.  per  square 
yard,  against  6«.  Sd.  per  square  yard  for  an  ordinary 
macadamised  road,  constructed  in  the  best  manner,  with 
9  inches  of  metal. 

*  See  Mr.  Ounningham's  paper  on  "  Streets,"  in  the  Froceedingt  of 
ih$  Edinburgh  and  Zeith  Engineers'  Society,  1874-75,  page  18. 


CHAPTER  Yl. 

MACADAMISED  ROADWAYS  IN  FRANCE. 

M.  Dumas,  in  the  article  already  referred  to  (page  20), 
maintained  that,  if  a  macadamised  road  be  properly  and 
actively  watched,  levelled,  and  cleaned,  a  foundation,  as 
such,  is  of  no  special  utility,  and  may  be  suppressed ;  and 
that  the  road  should  be  simply  a  uniform  bed  of  small 
materials. 

The  width  of  the  old  roads,  he  says,  was  excessive, 
amounting  sometimes  to  nearly  80  feet,  with  a  pavement 
in  the  middle,  from  16  to  20  feet  wide.  They  are  now 
made  of  widths  of  from  8  to  14  metres,  or  26  to  46  feet. 
Type-sections  of  French  and  Belgian  roads  and  streets  are 
shown  in  Figs.  42  to  44. 

There  is  no  need,  says  M.  Dumas,  for  great  thickness  of 


Tig.  42.— Section  of  Rue  de  Rivdi,  Paris. 

road,  provided  that  a  compact  and  impermeable  mass  be 
formed,  completely  shielding  the  ground  from  moisture. 
The  least  thickness  that  may  be  given  depends  on  the  size 
of  the  materials.  If  the  pieces  are  2  inches  or  2J  inches 
diameter,  mixed  with  pieces  of  smaller  size,  a  solid  road- 
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v&y  may  be  formed,  of  a  thicknesB  not  exceeding  4  inches. 
Inferior  qualify  of  material,  bad  ground,  or  heavy  traffic, 
does  not  imperatively  demand  greater  thickness,  if  the 
road  be  well  and  continuously  maintained.    Pour  inches 


of  thickness  may  be  regarded  as  sufSciont :  it  may  bo  pru- 
dent to  make  a  thickness  of  6  inches ;  and  any  oseoas 
above  8  inches  is  completely  useless. 


Pig.  4*.— Trpe-SecUon,  Bdginio. 

The  curvature  of  the  old  roads  iraa  excessive.  T!ie  rise 
was  from  1  iu  14  to  I  in  13.  The  most  convenient  rise  is 
1  in  33,  which  is  much  more  than  sufficient  for  a  well-kept 
road.    The  minimum  appears  to  be  1  in  SO ;  which  is  the 
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elope  upon  which  the  weight  is  in  equilibrium  with  the 
frictional  resistance  on  roads  in  good  condition.  When 
newly  made,  the  rise  may  be  1  in  25,  to  allow  for  tho 
greater  wear  at  the  centre  than  at  the  sides.  The  form  of 
the  base,  or  surface  of  the  ground,  may  follow  the  curva- 
ture of  the  surface ;  but  M.  Dumas  prefers  a  horizontal 
line,  as  in  all  respects  preferable.  A  road  10  metres,  or 
33  feet  wide,  with  a  rise  of  1  in  33,  and  an  average  thick- 
ness of  4  inches,  on  a  horizontal  base,  would  have,  accord- 
ing to  M.  Dumas,  a  thickness  of  8  inches  at  the  middle  or 
crown,  and  2  inches  at  the  sides.  But  these  measure- 
ments are  not  consistent  with  each  other. 

The  material  for  the  road  must  have  the  qualities  of 
hardness,  and  facility  for  binding.  The  largest  pieces 
must  pass  through  a  2^-inch  ring;  the  smaller  pieces 
occupy  the  interspaces.  The  2  J-inch  gauge  is  perhaps  too 
larg^  for  very  hard  material,  but  it  is  more  than  sufficient 
for  the  softer  materials.  The  smallest  dehns  of  broken 
material  should  be  preserved,  and  spread  on  the  surface. 
For  gravel,  the  lower  limit  of  size  is  fixed  by  the  use  of  a 
sieve  having  J-inch  meshes ;  otherwise  there  may  be  no- 
thing but  sand  for  binding.  The  smallest  pieces  should 
be  on  the  upper  surface ;  if  not,  the  upper  pieces  are 
broken.  It  is  well,  finally,  to  break  the  pieces  on  the 
made  surface  :  the  debris  binds. 

For  the  consolidation  of  the  road,  it  should  be  rolled 
and  watered.  The  cylinder  of  the  roller  should  be  from 
6  feet  to  6J  feet  in  diameter,  and  5  feet  wide  ;  weighing, 
empty,  3  tons,  and  full,  6  tons.  The  maximum  weight, 
when  loaded,  should  be  from  8  to  10  tons.  These  weights 
give  a  pressure  varying  from  112  poimds  to  370  pounds 
per  inch  of  width;  the  sufficiency  of  which  has  been 
proved  by  experience.  The  empty  roller  is  first  used; 
then  the  full  roller;  and,  lastly,  the  weighted  roller. 
Sand  or  other  binding,  with  water,  are  thrown  on  the 
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surface  at  intervals ;  the  water  helps  to  bind  the  new 
material.  The  material  binds  most  speedily  when  the 
thickness  is  4  or  5  inches.  For  this  thickness  8  or  IC 
traverses  are  sufficient: — ^two  traverses  dry,  with  the 
empty  roller ;  two,  with  a  layer  of  detritus  and  the  empty 
roller ;  two  with  the  full  roller,  two  with  the  loaded  roller, 
and  one  at  an  interval  of  from  8  to  15  days  after  the  road 
is  opened  for  traffic.  The  same  number  of  horses  per- 
form the  work  of  rolling  from  first  to  last.  But  the  sur- 
face of  inclined  portions  may  be  injured  by  the  feefc  of  the 
horses ;  and  the  injury  is  partially  prevented  by  increas- 
ing the  number  of  horses.  It  is  nearly  impossible  to  roll 
over  inclines  steeper  than  1  in  20. 

If  the  metal  is  more  than  4  or  5  inches  thick,  it  should 
be  deposited  in  two  successive  layers,  to  be  rolled  succes- 
sively ;  although  the  first  layer  should  not  be  completely 
rolled ;  and  the  second  layer  should  be  laid  after  the  sur- 
face of  the  first  has  been  roughed  by  the  traffic. 

The  surface  is  kept  up  by  the  use  of  a  stamper  or 
rammer,  weighing  from  15  to  20  pounds,  which  is  8  inches 
in  diameter  at  the  base,  and  is  shod  with  iron.  In  some 
cases,  stamping  may  be  applied  with  advantage,  instead 
of  rolling. 

A  road  constructed  on  the  system  above  described, 
4  inches  thick,  is  superior  to  a  road  8  or  10  inches  in 
thickness,  consolidated  by  wheels,  and  with  successive 
additions  of  material. 

The  flanks  of  the  road  or  the  bermes  (acedtements),  con- 
sisting of  the  natural  ground,  are  fit  for  traffic  during  the 
greater  part  of  the  year. 

**  All  these  proceedings,"  says  M.  Dumas,  ''have,  foi 
their  basis,  the  principle  of  the  maximum  of  beauty,** 


CHAPTEB  YIL 

STONE  PAVEMENTS— CITY  OF  LONDON. 

It  has  been  stated  that  the  streets  of  London  wore,  pre- 
viously to  the  introduction  of  granite  sets,  paved  with 
pebbles  or  boulder-stones,  which  were  bedded  in  sand,  and 
constituted  pebble-paving.  This  pavement  was  gradually 
superseded  by  a  pavement  of  irregular  blocks  of  stone,  and 
ultimately  by  rectangular  granite  sets,  or  "  cubed  granite," 
as  they  are  sometimes  designated ;  until,  in  1848,  there  re- 
mained only  one  mile  of  pebble-paving  in  a  total  length 
of  50  miles,  in  the  City  alone.  Granite  sets  of  comparatively 
large  dimensions  were  at  first  employed.  They  were 
from  6  to  8  inches  in  width  on  the  surface,  by  from  10  to 
20  inches  in  length,  with  a  depth  of  9  inches.  As  origi- 
nally laid,  they  were  merely  laid  in  rows  on  the  subsoil, 
and,  after  the  usual  process  of  grouting  and  ramming, 
the  street  was  thrown  open  for  the  traffic  which  was  ex- 
pected to  perform  the  last  duty  of  the  pavior,  and  to  settle 
each  stone  upon  its  bed.  The  large  wooden  rammer,  of 
84  pounds  weight,  was  obviously  insufficient  for  the  pur- 
pose of  enabling  the  pavement  to  resist,  without  further 
movement,  the  percussion  of  heavily  weighted  wheels.  In 
1850,  however,  and  probably  for  some  time  previously,  it 
had  become  the  general  practice  to  make  a  good  sub- 
stratum of  **  hard  core,"  consisting  of  shivers,  broken  stone, 
brick  rubbish,  clinker,  or  other  hard  material, — not 
necessarily  of  the  size  of  macadam;  nor,  on  the  contrary, 
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laid  on  a  pavement  on  the  Telford  system  of  road-making, 
but  a  medium  between  tbese  extremes  of  practice,  such  as 
Telford  himself  recommended  in  1824.  The  substratum 
of  hardcor^  has  been  usually  laid  to  a  depth  of  from 
9  inches  to  12  inche_s ;  but  a  thickness  of  15  inches  has 


been  laid  down  in  the  principal  streets  of  thajQity.     Upon 


Fig.  45— stone  Pavement  of  King  William  Street,  City  of  London. 

the  hard  core  was  laid  a  stratum  of  sand,  into  which_the^ 
stone  sets  Trerebeddfid.  Fig.  45  shows  a  section  of 
liing  William  Street,  as  originally  paved. 

The  following  table.  No.  17,  gives  the  dates  of  the  for- 
mation of  some  of  the  earliest  carriage-way  granite  pave- 
ments laid  in  the  leading  thoroughfares  in  the  City  of 
London,  with  their  superficial  dimensions,  and  the  lengths 
of  time  that  they  remained  before  being  removed  to  other 
places.* 

*  Thi3  table  is  compiled  from  the  Reports  of  Lieutenant-Colonel 
Haywood,  Engineer  and  Surveyor  to  the  Commissioners  of  Sewera 
of  the  City  of  London.  The  writer  is  indebted  to  this  valuable 
scries  of  Reports  for  the  greater  proportion  of  the  materials  employed 
in  the  preparation  of  what  follows  with  respect  to  the  streets  of  the 
City  of  liCHidon. 
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Tablb  Ko.  17.— City  op  London  i—Eabldkt  CARRiAOE-wAr  Gil\nitb 

Pavements  in  Leadiko  Thorouohfakes. 

Aberdeen  Granite  Sets,  6  inches  wide  by  9  inches  deep. 


1 

Name  of  ^llioroi^h- 

When 

When  taken 

Time 

Y^                     V 

fore. 

laid. 

up. 

down. 

Remarks. 

Year. 

Year. 

Years. 

Bridge  Street 

1828 

.       1818 

20 

Ludgate  Hill 

99 

18U 

16     ! 

Ludgato  Street 

W 

1847 

19      i 

Bishopsgate     St.  \ 
Without   .        j 

» 

1853 

25 

Poultry 

1829 

1841  &M3 

11&13 

Reinored  for  wood  paving 

Cheapside 

» 

1843  & '44 

14&15 

f        Do.          do. 
\          1843  to  1846.4r. 

Famngdon  Street 

1830 

— 

RelaidinlSSS 

Skinner  Street 

» 

1845 

15 

Newgate  Street     . 

»« 

1842 

12 

Removed  for  wood  paving 

Aldercgate  Street . 

1831 

1857 

26 

St.Paul'BChurrh-| 
yard          .        j 

» 

1847 

16 

Holbom 

»y 

1849 

18 

Threadneedle  Si  . 

»♦ 

1862 

31 

Fleet  Street  . 

1832 

1846 

14 

Fenchurch  Street . 

>f 

;       1852 

20 

Gannon  Street 

99 

1856 

24 

Walbrook 

Little  Moorfieldfl 
(sets  5  in.by  7)  J 

1833 

— 

StiU  down  in  1853 

KingWiUiamSt. . 

1834 

1       1849 

15 

Princes  Street       • 

1835 

'       1850 

15 

Mark  Lane    . 

1837 

1       1866 

19 

Houndsditch         • 

)> 

1853 

16 

Fore  Street  . 

1838 

1856 

18 

Nearly  the  whole  of  the  stones  which  formed  these  early 
pavements  was  removed  to  and  laid  in  places  of  secondary 
traffic  within  the  City,  where  their  duration  has  been  as 
great  as,  and  in  some  instances  greater  than,  it  had  already 
been  in  the  original  thoroughfares. 

The  cost  for  reparation,  up  to  the  year  1840,  of  36  streets 
laid  with  granite  sets  6  inches  wide  and  9  inches  deep,  in- 
cluding nearly  all  the  streets  named  in  the  preceding  table, 
was  calculated  by  Mr.  Kelsey,  formerly  the  City  Surveyoi*, 
and  the  results  are  given  in  '^he  following  table,  No.  18. 
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Table  No.  18. — Cost  for  Bepakation  op  Caebtage-way  PAVEMtx-rs, 

Laid  with  6-inch  Granite  Sets,  in  iKe  City  of  London,  up  to  the 

year  1840. 


Name  of  Street 


Aldgate  High  Street 
Aldgate  Street,  and 

Aldgate 
Aldersgate  Street     . 
Arthur  Street  West 
Bishopsgate     Street 

Without 
Bishopsgate     Street 

Within 
Bud<?e     Row      and 

Watling  Street     . 
Cannon  St  leet. 
Cheapside  and  Po  1- 

try        .        .        . 
Coleman  Street 
Comhill  . 
Dowgate  Hill  . 
Farringdon  Street    . 
Fenchurch  Street     . 
Fleet  Street     . 
Fish  Street  Hill 
Gracechurch  Street . 
Ho. bom  Bridge  and 

Skinner  Street 
HolbomHill   . 


Avenge 
cost  of  repa- 
ration per 
square  yard 

per  year. 


pmce. 
over       J 


over 
over 


over 


over 


1: 


i 
i 


Name  of  Street. 


nearly  1 


not 


Holbom  . 

King  Street,  Snow 
HiU      .        .        . 

King  Street,  Cheap- 
side 

Leadenhall  Street    . 

Long  Lane 

Lombard  Street 

Ludgate  HiU  and 
Street  . 

Newgate  Street 

New  Bridge  Street 
(part  of) 

Old  Bailey  (part  of) 

Pavement,  The 

Queen  Street   . 

Shoe  Lane  (part  of)  . 

St.  Pauls  Church- 
yard    . 

Threadneedle  Street 

Walbrook 

Wood  Street    . 


Average 
cost  of  repa- 
ration per 
square  yard 

per  year. 


pence, 
over      1 

over       J 

not         J 
nearly  2 
not         4- 
nearly  ij 


not 


not 


J 


Average  cost  for  re- 
pair, say 


not 

f^ 

not 

i 

not 

t 

over 

i 

not 

1 

2J 

over 

1 

1  penny 


The  average  cost  for  repaigj  anfipri^JTig  to  thfi  ttMf^j  mny; 
be  taken  at  Id.  per  square  yard  per  year.  The  first  cost 
was  considerably  affected  by  the  nature  of  the  pavement 
laid, — ^the  size  of  the  stones,  the  nature  of  the  granite,  and 
the  market  price  of  the  material.  Colonel  Haywood  esti- 
mated that,  for  stones  9  inches  in^dp>p^l^,  ^^  rgiTjypjIjPrnTn^ 
11».  to  178.  per  square_jflrd. 

LO  long  continuance  of  the  system  of  paving  with  large 
blocks  resulted  from  the  experience  of  their  great  dura- 
bility and  economy  in  first  cost.    But  they  did  not  afford 
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fiTifficient  foothold  for  horse-traffic.  Granite  sets  of  less 
width  were  subsequently  laid: — ^they  were  5  inches  and 
4  inches  in  width;  and,  finally,  sets  of  only  3  inches  in  width 
w^re  laid.  The  3-inch  sets,  with  a  depth  of  9  inches,  al- 
though they  were  considered  to  be  the  least  durable,  and 
the  greatest  in  first  cost,  proved  to  be  by  far  the  safest  for 
paving,  and  they  gave  more  satisfaction  than  the  wider 
sets.  The  merit  of  their  introduction  is  due  to  Mr.  "Walker, 
under  whose  direction  Black£riars  Bridge  was,  in  1840, 
paved  with  3-inch  granite  sets.  Mr.  Walker  attached 
great  importance  to  the  obtainment  of  a  solid  substratum. 
Blackfriars  Bridge,  to  the  paving  of  which  allusion  has 
already  been  made,  was  closed  for  some  weeks,  in  order 
that  the  concrete  foundation  might  have  time  to  set  and 
harden,  before  the  pavement  was  laid  down.  The  narrow 
granite  sets  were  laid  with  a  great  degree  of  accuracy,  and 
the  whole  mass  was  bedded  as  if  it  was  composed  of  bricks : 
the  stones  were  bedded  in  good  mortar,  and  the  joints  were 
well  filled  with  it,  and  in  consequence  of  the  careful  work- 
manship, with  the  use  of  narrow  stones,  the  work  remained 
good  for  13  years,  at  the  end  of  which  time  it  was  lifted. 

From  that  time — 1840 — ^the  use  of  3-inch  sets  was  ex- 
tended, until,  in  1848,  there  were,  in  the  City  of  London 
alone,  three  miles  of  carriage-way  paved  with  them.  The 
following  analysis,  prepared  by  Colonel  Haywood,  shows 
the  lengths  of  the  various  kinds  of  pavement  in  the  City 
of  London,  in  November,  1848  : — 

City  of  London  Fayembnts,  in  Noyembeb,  1848. 

Miles. 
Carriage-way  paYement  of  pebbles  or  boulders      .  .    about    1 

Carriage-way  paYement    of  6-iiich,  5-mcli,    and  4 -inch 

granite  sets  (nearly  tbe  whole  being  G-inch  sets) 

Carriage-way  pavement  of  3-inch  sets 

Wood  pavement,  Yarious  kinds 

Macadamised  road,  in  Finsbury  Circus 

l^lagstone  paYing,  courts,  alleys,  &c. 

Total 


•          .» 

28i 

•               19 

3 

•               9 

* 

•                f» 

i 

•               » 

i!l 

60 
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In  1851,  there  were  61  miles  of  public  ways  in  the  City 
oontaining 

441,250  square  yards  of  carriage-way,  averaging  for,  say,  34^  miles, 

about  22  feet  wide. 
328,907  square  yards  of  footway. 


770,157 


In  1866,  Colonel  Haywood  reported  that  there  were 
then  50  miles  of  public  way : — 

,    .  .  Miles. 

Mam  thoroughfares  •  •  •  «  ,7 

Collateral  thoroughfares     •  •  •  •  »  28 

Minor  streets,  courts,  alleys,  passages,  &c.  •  .15 

50 

Area  of  carriage-way,  about  .  •    390,260  square  yards. 

Do.    footway  „       .  .    309,018  „ 


699,278 


»f 


Begarding  the  question  in  all  its  bearings,  Colonel 
Haywood  concluded  that  the  Scinch  granite  sets,  being 
safest,  as  giving  the  best  foothold,  were  the  best  for  largft 
towns  with_great  traffic.  On  such  a  pavement,  horses 
were  less  strained,  there  was  less  wear  and  tear  of  vehicles, 
and  a  greater  degree  of  q^uietness  and  general  comfort. 
They  made  the  most  even  pavement,  and  they  retained  an 

iWl^g^^Tw^an  e^y  other  ston^^Egl^entJ^ 
hadbeen  tried^ 

In  adopting,  in  1848,  the  conclusion  that  3-inch  sets — 
that  is,  granite  sets  3  inches  in  thickness,  with  a  depth  of 
9  inches — ^were  the  best  for  large  towns.  Colonel  Haywood 
had  before  him  the  experience  of  a  trial  piece  of  what  was 
called  the  Euston  pavement  in  Mount  Sorrel  granite,  which 
had  been  laid  in  1845,  in  Watiing  Street,  and  rolaid  in 
1848.     This  pavement  derived  its  name  from  the  circum- 
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stance  of  its  having  been  laid  about  the  year  1843,  at  the 
departure  side  of  the  Euston  Station  of  the  London  and 
North  "Western  Eailway.  The  same  sort  of  pavement  had 
previously  been  tried  experimentally,  and  for  the  first  time, 
in  1838,  at  Birmingham,  at  the  crossing  of  a  street,  where 
heavy  loaded  wagons  were  constantly  passing  over  it,  and, 
,in  1850,  it  was  stated  by  Mr.  William  Taylor*  to  be  in  &s 
perfect  a  condition  as  when  it  was  first  laid.  Mr.  Taylor's 
motives  for  advocating  the  Euston  pavement,  were  based 
upon  the  principle  advocated  by  Macadam, — to  provide  a 
foundation  possessing  a  certcdn  amount  of  elasticity,  but  of 
sufficient  strength  to  support  the  surface  material ;  but  he 
substituted  "one  stratum  of  solid  granite,'*  in  the  form  of 
paving-stones  4  inches  deep,  for  an  equal  depth  of  mac- 
adam or  broken  ring-stone : — thus  endeavouring  to  com- 
bine the  elasticity,  so-ca]led,  of  a  macadam  road,  with  the 
durability  of  a  paved  road.  As  laid  at  Euston,  the  ground 
was  first  removed  to  the  depth  of  16  inches  below  the  in- 
tended level  of  the  pavement,  the  bottom  being  formed  to 
the  convexity  of  the  intended  surface  of  the  street.  A 
layer  of  coarse  gravel,  4  inches  thick,  was  spread  upon  the 
bottom;  and  compressed  by  being  rammed  equally  through- 
out. Upon  this  layer  was  placed  another  layer,  4  inches 
thick,  of  gravel  mixed  with  a  small  proportion  of  chalk,  or 
of  hoggin,  and  rammed  likewise.  A  third  layer  of  the 
same  materials  as  the  second,  but  of  a  finer  quality,  was 
distributed,  and  the  whole  was  well  rammed  together,  to 
form  a  solid  and  level  surface  ready  to  receive  the  pave- 
ment. Upon  a  1-inch  bed  of  sand,  stones  of  Mount  Sorrel 
granite  were  laid,  measuring  3  inches  wide,  averaging 

•  Froceeding$  of  the  JnBtitution  of  Civil  Engineert,  1849-50; 
vol.  ix.,  p.  214 : — "  Observations  on  the  Street  Paving  of  the  Metro- 
polis; with  an  Account  of  a  peculiar  system  adopted  at  the  London 
and  North- Western  Eailway  Station.  Euston  Square,"  by  William 
Taylor. 
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4  inches  in  length,  and  from  8  to  4  inches  deep,  neatly 
dressed  and  squared ;  and  carefully  and  closely  jointed,  in 
order  to  prevent  any  single  stone  from  rocking  in  its  bed. 
A  rammer  of  55  pounds  weight  was  then  applied  over 
the  whole  surface,  after  which  the  pavement  was  covered 
with  a  sprinkling  of  screened  gravel.  The  maximum 
cost  of  the  Euston  pavement,  the  foundation  included, 
was  said  to  amount  to  12«.  per  square  yard.  Mr.  Dock- 
ray,  resident  engineer  of  the  railway,  in  testifying  to 
the  excellency  of  the  Euston  paving,  stated  that  the  car- 
riage-way had  previously  been  substantially  executed, 
according  to  the  old  system,  with  stones  8  inches  deep, 
laid  upon  a  substratum  of  concrete ;  but  that  the  stones 
became  much  rounded  on  the  upper  surface,  and  were 
required  to  be  removed.  In  the  Euston  pavement  he 
stated  that,  by  reason  of  the  smallness  of  the  stones, 
they  never  became  rounded  on  the  upper  surface  by 
wear,  as  was  the  case  in  ordinary  pavements  of  large 
stones.  The  Euston  pavement  was  subsequently  laid  in 
the  large  esplanade  in  front  of  the  booking  offices  at 
Euston  station.  The  carriage-way  traffic  at  Euston  sta- 
tion has  of  course  been  of  a  light  order, — limited  to 
carriages,  cabs,  and  omnibuses. 

Eeverting  to  Colonel  Haywood's  piece  of  Euston  pave- 
ment, in  "Watling  Street,  he  had  experienced  a  difficulty  in 
obtaining  a  satisfactory  test  of  the  durabilities  and  cost  of 
various  pavings ;  and,  with  a  view  towards  the  settling  of  the 
question  of  the  most  useful  dimensions  of  granite  sets,  for 
the  carriage-ways  of  the  City,  he  recommended  that  different 
Boi*ts  of  stone-paving  should  be  laid  in  Moorgate  Street. 
The  experimental  pieces  were  laid,  all  at  the  same  time,  in 
October,  1848.  The  situation  was  well  chosen,  for  the 
different  pieces  of  paving  were  as  nearly  as  possible  sub- 
jected to  the  same  amount  and  kind  of  traffic,  with  the 
usual  disturbing  and  destructive  influences.     The  dimer  . 
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sions  and  the  first  costs  of  the  expenmental  paving  are 
exhibited  in  Table  No.  19, 


Tablb   No.  19. — City    of    London  :—ExpEiinfENTAL    Payino 

MooROATB  Stbebt,  1848 — 56, 
Dimensions  and  Fir»t  Cost. 


121 


Kame  of  Oxanite. 

Dimex^ionsof  Sets. 

First  cost 
per  square 
yard  com- 
plete. 

Depth. 

Width  or 
thickness 
at  the  sur- 
face. 

Length  at 
the  surface. 

1.  Blue  Aberdeen  . 

2.  Mount  Sorrel     . 

3.  Blue  Aberdeen  . 

4.  Mount  Sorrel    . 

5.  Blue  Aberdeen  . 

6.  Mount  Sorrel    • 

inches. 
9 
9 
9 
9 
6 
5 

inches. 
4 
4 
3 
3 
3 
3 

inches. 
8  to  12 
8  to  12 
8  to  12 
8  to  12 

6 

6 

s.     d. 

13  8 

14  9 

16  3 

17  0 
10     9 
12    0 

NoTB  TO  Tablb. — ^The  cost  of  the  substratum  is  not  included  in 
the  above  prices,  but  the  whole  of  the  specimens  were  laid  upon  a 
substratum  of  equal  depth  and  compactness,  and  the  cost  for  a  founda- 
tion may  be  taken  for  all  practical  considerations,  as  being  the  same 
for  the  whole.  The  prices  given,  therefore,  are  for  the  new  granite 
surface  only,  laid  and  grouted  with  lime  and  sand,  and  loft  complete. 

The  pavings  were  duly  and  carefully  maintained  during 
the  eight  years  from  October,  1848,  to  October,  1856,  under 
Colonel  Haywood's  personal  superintendence.  The  accounts 
of  charges  for  maintenance  were  accurately  kept,  and  the 
results,  with  additional  particulars,  are  given  in  Tables 
Nob.  29  and  21. 
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Table  No.  20. — City  op  London  : — ^Experimental  Pavino  in  Mooroatb 

Street,  1848—66. 
Cost  for  Beparations. 


Name  of  Granite. 

Cost  for 
repara- 
tion in 
8  years, 
per  sq. 
jnrd.  per 
year. 

Annnal 
interest 
at  6  per 
cent,  on 

first 
coBt»per 
sq.  yrd. 

Coet  for 
repara- 
tion and 
interest 

to- 
gether, 
persqr. 
yard  per 
year. 

Date  of  first  xeparaticn  after  laying 
down  the  several  pavements,  in 
October,  18ia 

1.  Blue  Aberdeen  . 

2.  Mount  Sorrel    . 

3.  Blue  Aberdeen  . 

4.  Mount  Sorrel    . 
6.  Blue  Aberdeen  . 
6.  Mount  Sorrel    . 

d. 
2-076 

•96 
4-62 
1872 
6-684 
6-844 

d. 

8-20 
8-70 
9-74 
10.20 
6-46 
7-20 

d. 
10-27 
9-66 
14-36 
12-07 
13-14 
13-04 

Li  quarter  ending  M'mas,  1862 
In  half  year    „          „        1852 
In      „            „          „        1861 
In      „            „          „        1866 
In  quarter  ending  Mar.  26, 1 861 
In  half  year  ending  M'mas,  1862 

Averages  .    .    . 

3-672 

8-41 

12-08 

1 

Table   No.   21.— City    op   London  :— Experimental    Patino 

MooROATE  Street,  1818—66. 
Bata  showing  Comparative  Values. 


nr 


Name  of  Granite. 

Number 

of  stones 

in  a  square 

yard. 

Area  of 
surface  of 
one  stone. 

Cubic 

contents 

of  one 

stone. 

Area 
rdaid  in 
8  years. 

Area  of 
new  stonet 
laid  in  ' 
8  years.  , 

1.  Blue  Aberdeen  . 

2.  Mount  Sorrel     . 

3.  Blue  Aberdeen  . 

4.  Mount  Sorrel     . 
6.  Blue  Aberdeen  . 
6.  Mount  Sorrel     . 

stones. 
29 
26 
86 
34 
61 
67 

square 
inches. 

44-7 

61-8 

37-0 

38-1 

26*4 

22-7 

cubic 
inches. 
402-2 
466-6 
333-3 
343-1 
127-0 
113-7 

percent. 
1198 
41-8 
243-6 
108-7 
263-2 
308-1 

per  cent. 

1-63 

•76 

3-93 

•82 

20-17    ' 

7-07 

From  the  foregoing  data,  it  appears  that  Aberdeen  stone 
required  earlier  and  more  extensive  repair  ap.d  renewal 
than  Mount^oCTel  stone ;  and  that  the  pavings  composed 
of  the  smallest  stones  needed  more^eparationj_and_^e 
insertion  of  a  greater  quantity  of  new  stone,  and  cost 
more  for  repair,  than  those  composed  of  the  larger  stones. 
Colonel  Haywood  states  that  these  conclusions  accord  with 
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the  results  of  his  general  experience ;  but  that  the  single 
conclusion  which  could  safely  be  deduced  was  that,  within 
the  limits  of  the  sizes  of  stones  laid  in  the  experimental 
paving,  the  cost  for  repair  upon  similar  paving  was  in- 
versely as  the  size  of  the  stones. 

In  1855,  the  experimental  paving  was  to  a  great  extent 
relaid;  and  in  1858  it  was  wholly  relaid.  In  1864,  when 
it  had  been  down  altogether  16  years,  it  was  removed. 
The  first  cost  averaged  14«.  3d.  per  square  yard,  and  the 
total  cost  for  laying  and  repair  during  the  16  years  it  was 
down,  not  including  any  charge  for  interest  on  first 
outlay,  was — 

First  Cost  .  .        lOfd.  per  square  yard  pur  year. 

Cost  for  Eepair     .  .  4^.  „  „ 


Total  Cost     .  .        15^(1. 


>»  ff 


Referring  to  Table  No.  20,  it  is  seen  that  the  average 
annual  cost  for  repair,  during  the  first  8  years,  was  only 
3*67  pence  per  square  yard.  The  greater  cost  during  the 
last  period  of  8  years,  arose  no  doubt  from  the  inferior 
condition  of  the  pavement,  due  to  the  loss  of  depth  of  the 
sets  by  wear;  and  to  some  extent,  also,  from  the  augmented 
traflB.c. 

Granites  of  various  qualities  have  been  tried  for  carriage- 
way pavements  in  the  City: — Aberdeen^  Guernsey,  Herm, 
Devonshire,  Cornish^  Mount  SorrfiI»  The  harder  and  more 
durable  granites,  like  the  Guernsey  and  the  MoT^Tit  fiorral 
granites,  though  the  more  economical^  possess  the  fault  of 
slipperiness  when  set  in  pavement ;  the  less  durable  granites 
wear  roughly,  and  therefore  afford  a  better  foothold  for 
horses ._  Hence  it  is  that,  for  the  sake  of  public  convenience^ 
the  hardest  and  most  durable  granites  are  not  employed. 
The  hardest  granites  have  invariably  caused  so  much^dis^. 
satisfaction  that  they  have  had  to  be  removedJb.fifQ^'Q  they 
&aa  beendown  many  years.    For  instance,  Penmaenmaur 
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greywacke  paving  was  laid  in  Newgate  Street  in  1851,  and 
iFwas  removed  after  a  trial  of  2t  years,  as  it  was  tiii^cause 
of  repeated  complaints  of  slipperiness  and  noisiness.  The 
Aberdeen  blue  granite  sets  have  for  the  most  part  been 
employed  in  the  construction  of  City  pavements ;  they  are 
considered  to_be_tiieJbest,  taking  together  the  first  cost, 
j^e  durabiEt^Ta^dtgla^    of  sUpperinegs^  ^ 

Since  the  cost  of  a  pavement  depends  upon  the  material 
of  which  it  is  formed — ^the  width  of  the  street,  the  extent 
and  nature  of  the  traffic,  and  other  conditions — it  fol- 
lows that,  in  no  two  streets  is  the  endurance  or  the  cost 
the  same,  and  the  difference  between  the  highest  and  the 
lowest  periods  of  endurance,  and  amount  of  cost,  is  veiy 
considerable.  The  practice  pursued,  almost  uniformly, 
with  respect  to  the  rotation  of  granitepaving,  is  to  lay 
the  new  granite  in  the  main  thoroughfares ;  when  their 
pavements  are  considerably  worn,  and  the  stones  require 


to  be  reworked  before  they  can  be  advantageously  relaid, 
or  when  an  entire  relay  of  the  surface  is  needM,  tliawora- 
sgranite  ia-rfiE^oyed,  and  new  granite  laid  in  its  place^  In 
this  way,  it  most  commonly  occurs  that  the  pavements  in 
main  thoroughfares  are  removed  before  they  are  worn  out. 
The  old  material  is  taken  to  the  stone-yard,  where  it  is 
mixed  with  the  general  stock,  reworked,  sorted  into  sizes, 
and  laid  in  other,  and  secondary,  thoroughfares  when 
needed.  Thus  the  duration  or  life  of  the  stones  may  be 
doubled,  or  more  than  doubled.  ''Indeed,  with  the  excep- 
tion of  the  portion  worn  off  by  the  friction  of  the  traffic, 
not  a  fragment  of  granite  paving  may  be  said  to  be  lost. 
After  passing  its  first  years  in  a  leading  thoroughfare,  it 
goes  into  a  secondary  thoroughfare  until  completely  worn 
down  and  rounded,  and  will  even  then  conmiand  a  price  of 
from  1«.  6^.  to  2s.  6d,  per  square  yard.  Not  even  a  frag- 
ment that  is  knocked  off  the  component  stones,  when 
undergoing  the  ox)eration  of  being  dressed  into  shape,  is 
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lost ;  as  it  is  made  available  either  directly  for  macadam- 
ising, or  for  forming  substrata  to  other  pavements ;  or,  if 
5uch  employment  cannot  be  found  for  it,  it  will  always  com- 
mand a  good  price  by  its  sale.  In  truth,  granite  can  only 
be  said  to  be  worn  out  when  it  has  been  broken  up  for 
macadamisation,  and  then  crushed  into  powder  by  the 
vehicles." 

It  is  due  to  the  system  of  rotation,  above  described, 
which  largely  conduces  to  the  general  convenience,  that 
although  the  general  cost  for  repairs  is  accurately  known, 
the  cost  of  most  of  the  pavements  individually,  during  a 
term  of  years,  cannot  be  arrived  at,  excepting  by  estimation. 

Moreover,  it  is  to  be  borne  in  mind,  on  the  question  of 
the  durability  and  cost  of  stone  pavements,  that  the  traffic 
of  the  City  has  not  been  stationary,  but  that  it  has  gradu- 
ally increased  in  the  course  of  years,  and  that,  to  arrive  at 
a  just  conclusion,  the  traffics  of  the  periods  brought  into 
the  comparison  are  to  be  duly  considered.  The  following 
is  a  selection  of  a  few  principal  streets  in  the  City,  with 
average  numbers  of  vehicles  by  which  they  were  traversed 
in  12  hours  during  one  week-day,  between  8  a.m.  and 
8  p.m.,  in  July  1850,  and  in  June,  July,  1857.  These 
data  are  abstracted  from  reports  made  by  Colonel  Hay- 
wood : — 

Table  No,  22. — City  of  London: — ^Number  op  Vehicles  which 

TBAYBB^ED     FiFTEEN   PbINCIPAL    ThOBOUOHFABES    IN    12    HOXJBS, 
IN    1850  AND   1857  ;  WITH  A  FEW  DATA  FOB  1865  AND  1871* 


Number  of  Vehicles 

1 

Kame  of  Thoronghfiu'e. 

wliicb  traversed  the 

In  24  houn.       I 

street  in  12  hours. 

year  1850. 

year  1857. 

year  1866. 

year  1871. 

Temple  Bar  .        •        •        • 

7,741 

9,883 

11,972 

— 

Ludgate  Hill         •        • 

6,829 

10,626 

— 

— 

Cheapside      •        •        •        . 

11,053 

13,512 

— 

11,900 

Poultry         •        •        •        . 

10,274 

11,667 

— 

9,600 

Comhill         .... 

4,916 

5,256 

— 

Old  Broad  Street  . 

• 

— 

— 

2,600 

Camed  forward  . 
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Table  No.  22 — eontinued. 


Number  of  Vehicles 

Name  of  Thoronghfue. 

which  tiaversed  the 
street  in  12  hours. 

In  24  hours. 

year  1850. 

year  1857. 

year  1865. 

year  1871. 

Brought  forward 

Leadenhall  Street 

5,930 

4,325 

— 

Lombard  Street    . 

2,228 

1,644 

_ 

2,600 

Fenchurch  Street . 

3,642 

6,273 

. — 

— . 

Bishopsgate  St.  Within 

4,842 

6,283 

— 

— 

Bishopsgate  St.  Without 

4,110 

5,804 

7,366 

— 

Gracechurch  Street 

4,887 

5,267 

— 

— 

London  Bridge 

13,099 

18,179 

19,405 

Newgate  Street     • 

6,375 

8,341 

— 

7,400 

Aldersgate  Street  . 

2,690 

2,719 

3,936 

— ^ 

Blackf riars  Bridge 

5,262 

6,723 

9,660 

Southwark  Bridge         . 

4,700 

TotAiR     •        .        .        . 

93,778 

116,402 

Note  to  Table. — ^Equestrians  were  included  and  numbered  as 
vehicles.  These  numbers  were  so  small  as  not  materially  to  affect  the 
quantities. 

The  gross  increase  of  traffic,  from  93,778  vehicles  in 
one  day  in  1850,  to  115,402  veliicles  in  one  day  in  1857, 
amounted  to  22 J-  per  cent,  in  seven  years,  or  at  the  rate  of 
about  3  per  cent,  per  year,  on  the  traffic  observed  in 
1850.  But,  it  must  be  remarked  that  the  traffic  may  not 
be  similarly  augmented  in  every  street  individually,  since 
the  streams  of  traffic  are  modified  by  the  opening  of 
new  streets  and  new  railway  stations.  Instances  of  such 
fluctuations  are  observable  in  the  numbers  of  vehicles 
given  in  the  last  column  of  the  table. 

The  following  data  for  the  duration  of  3-inch  granite 
pavements  in  the  streets  of  the  City,  have  been  gleaned 
from  Colonel  Haywood's  reports.  It  is  shown  that  the 
paving  only  lasted  6  years  in  the  Poultry;  and  it  may  here 
be  noted  that  the  granite  pavements  of  the  Poultry,  next 
to  the  kerbs,  or  next  to  the  tramways,  needed  repair  at 
about  the  end  of  the  first  year.     Omitting  the  very  short 
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and  very  exoeptionally  tried  pavement  of  the  Poultry,  as 
well  as  the  second  pavement  in  Cheapside,  which  was 
prematurely  removed,  the  average  of  the  observed  dura* 
tions  was  15^  years  :— 


Tadle  23. — ^Du&ATioN  OF  Gkanite  Patehentb  in  80HB  Principal  8t&£BT8 

IN  THE  City  op  London.    1845 — 1863. 

Aberdeen  Granite  Sets,  3  inches  wide  and  9  inches  deep. 


SitoatioiL 

1 

Laid. 

Relaid. 

Takon 
up. 

Dura- 
tion. 

Obsermtioiuk 

Year. 

Year. 

Year, 

Yean. 

( Cost    for    repair, 

Poultry           • 

1846 

— 

1852 

6 

<    2*66d.  per  square 

. 

(    yard  per  year. 

/ 

1846 

1853 

1861 

15 

Cheapside  (portion) 

1861 

— 

1870 

9 

<  Taken  up  for  as- 
(   phalte. 

Cheapside  (east  end) 

1847 

1853 

— 

— 

St.  Pan  VflOhurchyard 

1847 

1853&'58 

1863 

]6 

Ludgate  Hill  .        • 

1844 

1853 

1863 

19 

Liidgate  Street 

1847 

1853 

( Cost    for    repair. 

Fleet  Street     . 

1846 

1853 

1860 

14 

<  3d.  per  square 
(    yard  per  year. 

Newgate  Street 

1846 

1854 

— 

— 

Skinner  Street 

1845 

1848&*56 

— 

— 

Widened  in  1848. 

Threadneedle           \ 
Street  (West)     .  ] 

1848 

1857 

1862 

14 

Fenchurch     Street 
(East) 

1846 

1852 

— 

— 

Fenchurch     Street 
(West)        .        . 

1845 

1852 

1861 

16 

' 

1845 

1852 

1857 

12 

Leadenhall  Street    - 

1857 

1863 

— 

— 

r  Belaid  with  one- 
third  new  stone. 

Princes  Street 

1850 

1857 

— 

Sets  4  in.  X  9  in. 

Average  duration,  omitting  the  Poi 

iltry  an 

dthe  Bi 

)Cond  lavement  in 

Cheapside  as  exceptiona 

linstan 

.ces,  15^ 

'  years. 

To  the  above  data  for  streets,  may  be  added  the  follow- 
ing data  for  bridges :— 
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Continuation  op 

Tarlb  No.  23. 

Bittiatlon. 

Laid. 

Kelaid. 

Taken 
up. 

Dura- 
tion. 

Observations. 

London  Bridge        j 

Blackfriaxs  Bridge  . 

1 

Year. 
1830 
1842 
1840 

— 

Year. 

1842 
1851 
1853 

Years. 
12 
9 
13 

I   e-inchsets. 

In  1854,  Colonel  Haywood  liad  estimated  the  total  dura- 
tion of  the  granite  pavement  of  Meet  Street  at  12  years. 
It  maybe  seen  from  the  table,  that  it  lay  actually  14  years 
tiU  it  was  removed.  He  added  that,  after  having  been 
re-dressed,  it  would  last  15  years  more  in  secondary  streets. 
The  total  life  of  such  pavement  amounted  thus,  by  estima- 
tion, to  29  years. 

The  cost  for  repairs  of  Fleet  Street  was  stated,  in  1854, 
to  be  Zd,  per  square  yard  per  year.  The  average  cost  of 
repairing  the  granite  pavements  of  the  streets  of  the  City, 
in  1854,  was  also  Sd,  per  square  yard  per  year.* 

Colonel  Haywood,  in  1853,  made  a  careful  estimate, 
based  on  the  experience  of  City  pavements,  of  the  cost 
and  the  duration,  or  life,  of  a  pavement  of  3 -inch  Aberdeen 
granite  sets,  9  inches  deep,  laid  in  such  a  thoroughfare  as 
Gracechurch  Street,  in  which  the  traffic  as  indicated  in  the 
table.  No.  22,  was  rather  below  the  average  of  the  prin- 
cipal streets.  This  estimate  was  based  on  thd  prices  of 
1842,  in  which  year  he  assumes  the  laying  of  the  pavement 
for  the  purpose  of  a  direct  comparison  with  the  cost  of 
Carey's  wood  pavement  in  Gracechurch  Street.  The  cost 
of  the  first  3 -inch  Aberdeen  granite  sets  laid  in  the  City 
was  14«.  6d,  per  square  yard,  laid  and  grouted  complete, 
exclusive  of  foundation.  The  duration  was  taken  at  25 
years,  as  from  1842, — assuming  that  the  granite  was  not 

*  Stated  ly  Colonel  Haywood. — See  Proceedings  of  the  Xnetitution 
of  Civil  Engimers^  vQlt  a»ii.  page  231. 
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removed  until  it  was  quite  worn  out.  During  this  time,  it 
would  have  required  three  general  relays,  at  a  cost  of 
Is.  per  square  yard,  in  addition  to  ordinary  repairs,  costing 
id.  per  square  yard  per  year,  for  20  out  of  the  25  years 
of  life,  allowing  the  first  five  years  free  of  cost  for  re- 
pairs : — 

Per  sq.  yd.  Per  eq.  yd. 

for  26  years.  per  year. 

B.    d.  d. 

first  cost,  excluding  foundation      «        •       14    6  6  96 


Bepairs;  three  relays  at  Is.     .        ,        •        3    01 
Ditto,  20  years  at  |d.  per  year        •        •        1    3  j 


2-04 


Total  Expenditure 18    9  0 

Deduct  value  as  old  material   •       •       •        2    3  1*08 


Net  total  cost  .   >    »       .        .        .      16    6  7'92« 

This  estimate  was  formed  on  the  assumption  that  the 
stone  would  have  been  worn  out  where  it  was  first  laid. 
In  actual  practice,  it  would  have  lain  there  from  14  to  18 
years,  and  would  have  been  removed  to  streets  of  inferior 
traffic,  where  it  would  hate  lasted  at  least  as  long  again. 
The  total  life  would  thus  haye  reached  to  from  30  to  40 
years ;  and  this  may  be  taken  as  the  actual  life  of  3-inch 
granite  sets  under  the  given  conditions,  with  a  value  as  old 
material  of  from  la.  6d.  to  28.  6d.  per  square  yard.  Kthe 
whole  life,  as  for  Qracechurch  Street,  be  taken  as  35  years, 
it  will  appear,  from  a  calculation  similar  to  the  above,  that 
the  net  total  cost  is  7d.  per  square  yard  per  year. 

London  Bridge  was  considered  by  Colonel  Haywood  to 
be  the  busiest  thoroughfare  in  the  world.  In  the  course 
of  12  hours,  in  one  day  in  1850,  it  w«is  traversed  by  13,099 
vehicles.  The  whole  surface  of  the  bridge  was  covered 
with  a  bed  of  clay,  15  inches  thick,  thoroughly  puddled 
and  well  beaten  together.     Upon  this  a  3-inoh  layer  of 

*  Colonel  Haywood  makes  out  the  cost  per  square  yard  per  year  at 
about  7}d. 
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fine  sand  was  laid ;  next,  a  bed,  12  inches  deep,  of  fine 
flint  stones  broken  into  small  pieces,  not  larger  than 
2  inches  in  diameter,  well  dressed  and  rolled.  Finally,  it 
was  paved  with  granite  sets  6  inches  by  9  inches  deep, 
and  was  opened  in  1830.  After  a  period  of  12  years,  it 
was,  in  1842,  replaced  by  new  paving,  when  the  old  stone 
was  sold  for  3«.  per  square  yard.  The  second  paving,  laid 
in  1842,  was  formed  of  3-inch  Aberdeen  granite  sets, 
9  inches  deep ;  it  was  down  9  years,  and  was  taken  up 
and  replaced  with  new  granite  in  1851.  The  second 
paving,  though  lifted,  was  not  worn  out;  the  average 
wear  of  the  stones  was  estimated,  from  the  result  of  careful 
observation,  at  first  2  inches  of  depth, — ^being,  at  the  rate 
of  '222  inch  per  year ;  and,  had  they  been  dressed,  sorted, 
and  relaid,  with  a  small  quantity  of  new  stones  to  supply 
the  deficiency  of  those  which  were  very  much  worn,  or 
badly  cut,  they  would  have  lasted  7  or  8  years  more  upon 
the  bridge,  and  would  then  have  been  fit  to  lay  in  a 
secondary  thoroughfare.  They  would  have  been  relaid 
on  the  bridge,  but  for  the  fact  that  more  time  would  have 
been  consumed  by  this  process,  than  by  repaving  with 
new  material. 

The  total  area  of  the  carriage-way  of  London  Bridge  is 
3,950  square  yards.  The  following  were  the  expenses 
actually  incurred  on  the  pavement,  from  1842  to  1851 : — 

Per  eq.  yd.     Per  aq.  yd. 
For  9  years. 

First  cost        •        •        t        • 
Bepairs  for  9  years         .        • 

Total  expenditure  . 

Deduct  allowance  for  old  stones 

Net  total  cost  for  9  years        .      3,371    7    0        17    0-86       1  lOj 

The  cost  of  the  substratum  is  not  included  in  this  state- 
ment of  expenditure.     The  high  first  cost  was  occasioned 


For  9  years. 

£3,850  16    0 
277  11     0 

for  9  yeai-s. 
B.       d. 
19     6 

1     4-86 

per  year. 
B.     d. 
2     2 

1-87 

4,128    7    0 
757    0    0 

20  10-8G 
3  10 

2     3-87 
511 
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by  the  great  di£B.ciLlty  experienced  in  obtaining  d-inch 
stones,  wbich  bad  but  recently  been  introduced,  unless  a 
bigh  price  was  paid  for  tbem ;  together  with  the  forcing 
of  the  labour,  and  the  performance  of  the  work  by  a 
half-width  at  a  time. 

The  paving  of  Blackfriars  Bridge,  in  1840,  with  3-inch 
sets  has  already  been  noticed,  page  173.  The  paving  con- 
sisted o^  Aberdeen  stones  and  Guernsey  stones,  and  was 
done  at  a  cost  of  20«.  per  square  yard,  including  a  foun- 
dation of  concrete  12  inches  deep.  The  average  amount 
of  wear,  after  13  years'  work,  were  IJ  inches  of  the  Aber- 
deen granite,  and  i  inch  of  the  Guernsey  granite.* 

In  1871,  Colonel  Haywood  made  estimates,  based  upon 
past  experience,  of  the  durability  and  cost,  under  not  un- 
favourable circumstances,  of  Aberdeen  granite  pavement, 
3  inches  wide  and  9  inches  deep,  in  Cheapside,  Poultry, 
Old  Broad  Street,  Moorgate  Street,  and  Lombard  Street, 
which,  varying  in  width  as  well  as  in  the  nature  of  the 
traffic,  might  be  taken  as  types  of  the  leading  thorough- 
fares of  the  City.  The  cost  of  pavements  generally  had 
augmented  gradually  during  the  previous  30  years.  In 
1854,  the  cost  was  £.*om  158.  to  17«.  per  square  yard. 
In  1871,  the  price  of  paviors'  work,  above  described, 
complete,  except  the  foundation,  was  15«.  4id,  per  square 
yard;  but  he  adopted,  in  his  estimates,  a  cost  of  16«.  per 
square  yard. 

The  estimated  duration  of  a  granite  pavement  in  Cheap- 
side  was  15  years ;  and  assuming  one  entire  relay,  and 
allowing  for  the  value  of  the  old  stone  when  removed  at 
t]ie  end  of  the  time,  the  total  cost  during  the  period  of 
15  years  would  be  £1  4«.  4J«?.,  or  1«.  7 id,  per  square  yard, 
per  year. 

Similarly,  for  the  Poultry,  Old  Broad  Street,  Moorgate 

*  Froeeedingt  of  the  Institution  of  Civil  Engineer t^  vol.  xiii. 
page  237. 


188 


STONE  PAVEMENTS— CITY  OF  LONDON. 


Street,  and  Lombard  Street,  suitable  periods  of  duration 
were  assigned,  and  one  general  relay  during  the  time,  with 
allowajice  for  tbe  value  of  the  old  stones.  The  following 
table  comprises  particulars  of  Colonel  Haywood^s  esti- 
mates for  the  several  streets : — 

Table  No.  24.  —Estimated  Dubation  and  Cost  op  Granite  Pave- 
ments IN  Pkincipal  Carriage-ways  in  the  City  op  London,  1871. 

Aberdeen  Granite  Sets,  3  inches  wide  by  9  inches  deep. 


Situation. 

Width 
of 

Street. 

Daily 
traffic  in 
24  hou:  B 

Dura- 
tion of 
the 
Pave- 
ment. 

First 

cost  per 

square 

yard. 

Total  cost, 
including 

main- 
tenance, 
and  de- 
ducting 
for  old 
stones. 

Average 

total  cost 

per  square 

yard  per 

year. 

Cheapside 
Poultry    . 
OldBroadStreet 
Moorgate  Street 
Lombard  Street 

Averages  . 

Feet. 
30 
22 
24 
32 
17 

Vehicles. 

11,900 
9,600 
2,600 
7,400 
2,600 

Years. 
16 
8 
20 
15 
20 

8    d. 

16  0 
16  0 
16  0 
16  0 
16  0 

■.     d. 

24     4} 
22     4 
20  Hi 

20  7 

21  il 

B.     d. 

1  7J 

2  9| 

1    ol 
1    of 

— 

— 

15-6 

IC  0 

21     11 

1     7 

The  average  estimated  duration  indicated  by  this  table 
is  nearly  identical  with  that  which  is  deduced  from  actual 
observation  in  the  previous  table,  No.  23. 

Topical  sections  and  plans  of  a  50-feet  street  for  the  City  of 
London,  Figs.  46,  47,  and  48. — ^For  these  illustrations  the 
Author  is  indebted  to  Colonel  Haywood.  The  extreme 
width  of  the  street  is  50  feet,  between  the  houses: — 
divided  into  30  feet  for  the  width  of  the  carriage-way, 
land  10  feet  for  each  footway.  The  bed  of  the  road  is 
■excavated  to  a  depth  of  21  inches  below  the  finished  level 
jof  the  street,  following  the  contour  of  the  surface.  A 
layer  of  broken  stones,  9  inches  thick,  is  distributed  over 
the  ground,  and  is  covered  by  a  layer  of  hoggin  or  small 
gravel  and  sand,  3  inches  thick,  as  a  bed  for  the  paving. 


firrV-PEET  STREET. 
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.The  paving  coneiate  of  granite  sets  or  "  cubes,"  3  indies 
wide  and  9  inches  deep,  and 
of  lengths  varying  from  10  to 
15  inches,  grouted  at  the  joints. 
The  rise  of  the  pavement  is 
6  inches  for  the  width  of  SO 
feet,  or  1  in  30  for  the  average 
inclination,  the  contour  being 
a  segment  of  a  drcle.  The 
footpaths  are  laid  with  3-inch 
York  pavement,  bounded  by  a 
granite  kerb  12  inches  wide, 
and  9  inches  deep,  showing 
6  inches  above  the  roadway 


Southwari;  Street,  Soutkwark, 
Figs.  49  and  50.— This  is  a 
good  example  of  a  first-class 
Metropolitan  street,  arranged 
with  a  subway  and  a  sewer  at 
the  middle,  and  cellarage  at 
each  side.  The  street  is  70 
feet  wide  between  the  houses, 
comprising  two  12-feet  foot- 
ways, and  a  carriage-way  46 
feet  wide.  For  the  construc- 
tion of  this  street,  the  ground 
was  levelled,  and  the  soft 
places  dcared  out.  It  was 
covered  with  a  bottoming  of 
brick  i-ubbish,  varying  from 
6  to  10  inches  deep,  which 
was  rolled  and  bound  with 
sand.  Upon  this  bottoming 
was  laid  a  stratum  of  concrete 
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12  incliee  thick,  consisting  of  blue  liaa    lime  and  clefin 
Thames  ballast,  in  the  ratio  of  1  to  6  by  measure.    A 


layer  of  sand  or  hoggin,  1}-  or  2  inches  thick,  was  dis- 
tributed over  the  concrete  as  a  bed  for  the  graoite  seta, 
Thieh  were  9  inches  deep  and  3  inches  wide.  The  atooei 
were  set  close  and  grouted  together. 


CHAPTEE  Vin. 

8T0NE  PAVEMENTS  OF  LIVERPOOL. 

A.ccoRDiNa  to  the  report  of  Mr.  Newlands,  the  borough 
engineer  of  Liverpool,  in  1851,  there  were  174  miles  of 
carriage-way,  and  69  miles  of  courts  and  passe ges,  com- 
prising— 

Square  yards. 
Carriage-wayB         .        .        2,243,560 

Channels  .        «  231,362 

2,474,922 

Footways 1,048,264 


3,523,186  square  yards. 

From  this  it  appears  that  the  average  width  of  the  car- 
riage-ways and  channels  together  was  8*1  yards,  or  24*3 
feet.  The  covering  of  the  carriage-ways  consisted  foi 
the  most  part, — ^to  the  extent  of  neaily  two-thirds, — of 
boulder  paving;  one-fifth  consisted  of  macadam,  8  per 
cent,  only  consisted  of  pavement  of  greywack6  sets  from 
Fcnmaenmaur,  and  6  per  cent,  consisted  of  sand  and 
ashes. 

The  actual  cost  for  the  construction  of  several  streets 
with  greywacke  pavement,  in  3-inch  sets,  is  given  in  Table 
No.  25.  The  channels  were  of  Fenmaenmaur  stone,  and 
the  crossings  of  granite.  The  cost  for  the  preparation  of 
the  foundation  is  included.  The  foundation  consisted  of 
a  bottoming  of  ballast  prepared  and  covered  with  gravel 
and  sand,  upon  which  the  sets  were  placed. 

0 
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a  Btreet  from  the  docks  whence  the  material  is  conveyed , 
and  upon  the  length  of  the  day  and  the  state   of  the'^ 
weather,    and  other  circumstances   affecting  the   conve- 
nience for  operations. 

Erom  these  tables  it  appears  that  the  average  costs  for 
the  construction  of  the  carriage-ways  of  Penmaenmaur 
sets  and  of  boulders,  were  composed  as  follows : — 

LiYBSi>ooL.  Fexunaenmaur  sets.  Boulders. 

s.    d.  8.     d> 

Materials  .        4    1^    or  78  per  cent.        2    4^    or  74  per  cent 

Labour     .        .        1     2       or  22       „  0    9|    or  26       „ 

Total  cost.        5    3^      100  3    2        100 

In  introducing  a  comparative  statement  of  the  annual 
cost  for  maintenance  of  set-paving,  boulder-paving,  and 
macadam,  Mr.  Newlands  fixed  the  first  cost — 

LiYEBPOOL.  First  cost. 

For  square-set  paving,  at  4  s.  6d.  per  square  yard. 

„    boulder  paving      „  Is.  8d.  „ 

H    macadam  „  Is.  8d.  n 

These  amounts  were  probably  based  on  wider  averages 
than  those  which  have  been  deduced  from  the  foregoing 
tables.  However  that  may  have  been,  Mr.  Newlands,  in 
1854,  stated  that,  at  Liverpool,  the  first  cost  for  a  set-paved 
road  was  68.  per  square  yard,  and  that  of  a  macadam 
road  was  2s,  per  square  yard.* 

The  average  cost  for  maintenance  for  the  three  years 
1848 — 50,  is  given  for  27  streets,  of  which  nine  were  paved 
with  squared  sets,  nine  with  boulders,  and  nine  were  laid 
with  macadam.  Summaries  of  the  costs  are  given  in 
the  table.  No.  27. 

Mr.  Newlands  explained  that  the  averages  here  derived 
were  not  to  be  taken  as  for  long  periods, — especially  for  the 
boulder  paving,  much  of  which  was  required  shortly  to  bo 

*  Proceediftfft  of  thf  Institution  of  Civil  Engineers^  yol.  i(|ii.y  ^§^3-$4y 
ago  240. 
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Tablb  No.  27.— Liverpool  Strsbts: — ^Annual   Cost  por  Main* 

TBNANCE  op   27  StREBTS,  DEDUCED  PROM  THB  AVERAGED   ChAROES 
POR  THRBB  TBARS,    1848-50. 


Penmaenmaur  set  paving. 

1 

Boulder  paTing. 

Macadam. 

Street 

1 

Annual 

cost  per 

square 

yard. 

Street. 

Annual 

ooetper 

square 

yard. 

Street. 

Annual 

cost  per 

square 

yard. 

St.  James'     . 
Park  Lane    . 
Whitechapel. 
Dale     . 
Castle   . 
North  John  . 
Marybone 
Water  . 
Leeds    . 

pence. 
-08 
-29 
-11 
-38     ! 
•17 
•26 
•09 
•19 
•06 

BlundeU 

Mersey. 

Flint     . 

Simpson 

Sparling 

Limekiln  Lane 

Burlington    . 

Soho 

Fox 

pence. 
.55 
•79 
•73 

1-95 
-37 
-62 

1-14 
•18 

1-01 

Church 
Berry 
Keni^aw   . 
Gt.  G^rge 
Park  Lane 
Myrtle 
Hanover    . 
Gt.Howard 
St.  Anne   . 

pence. 

8-60 

8-33 
18-31 

3-81 
16-29 

5-82 
14-61 
12-54 

3-80 

Averages 

-18 

•        •        • 

•82 

•      •      • 

10-23 

renewed.  He  deduced  from  the  tables  that,  when  the  mac- 
adam was  subjected  to  heavy  loads,  the  annual  cost  of 
maintaining  it  was  nearly  equal  to  the  cost  of  renewing 
it,  and  that  the  vertical  wear  amounted  to  12  inches  per 
year.  Where  the  loads  were  light,  although  the  traffic  was 
great,  the  wear  of  the  macadam  was  only  about  half  as 
great  as  under  heavy  loads ;  and  that,  under  the  same 
circimistances  of  traffic,  the  expense  was  reduced  when 
the  street  was  wide  and  open,  and  the  moisture  was 
rapidly  evaporated  by  the  action  of  the  sun  and  the  air. 
He  concluded  from  the  experience  of  CEustle  Street,  Dale 
Street,  and  Marybone,  that  set-paving  would  last  20  years 
before  requiring  to  be  renewed.  He  decided,  finally,  that 
the  total  annual  costs  of  maintenance  were  respectively. 


LXVBBPOOL. 

For  square-set  paving 
„  Boulder  paving  . 
),  Macadam 


Maintenance  annually. 
•28  pence  per  square  yard. 

.    6-80 

.  16*00 


#> 


>9 


C5HAPTER  3X 

STONE  PAVEMENTS  OF  MANCHESTER. 

The  early  pavements  for  the  streets  of  Manchester  con- 
sisted of  boulder  stones  brought  from  the  sea-coasts  of 
Wales,  Westmoreland,  and  Cumberland,  like  those  of 
Liverpool,  which  have  already  been  described.  But  the 
construction  of  boulder  pavement  has  long  since  been  dis- 
continued ;  the  importation  of  boulders  into  Manchester 
ceased  about  the  year  1840.  There  yet  remains  a  con- 
siderable area  of  such  pavement,  particularly  in  the  older 
streets  of  smaU  traffic,  in  the  outskirts.  They  are  in  process 
of  renewal  with  granite  sets.  When  finely  broken,  the 
boulder  stones  make  an  excellent  ''racking"  or  packing 
for  paving  sets. 

The  principal  thoroughfares,  according  to  Mr.  H.  Royle, 
District  Surveyor,*  are  paved  chiefly  with  syenitic  granite, 
or  with  trap-rock  sets.  The  most  usual  dimensions  of  the 
sets  are  5  inches,  6  inches,  and  7  inches  in  depth ;  from 
3  to  3|  inches  in  width,  and  from  5  to  7  inches  long.  The 
largest  and  deepest  sets  are  laid  in  streets  having  the 
heaviest  traffic.  Cubes  of  4  inches  were  tried,  some  years 
ago ;  but  it  appeared  that  they  were  unfitted  for  resisting 
the  lateral  stress  of  the  traffic, — ^particularly  on  streets  of 
considerable  inclination.  Stones  are  obtained  from,  1st. 
The  Welsh  Granite  Company,  and  the  Fortnant  Granite 

*  See  a  paper  **  On  Street  Payements  in  Manchester,"  by  Mr.  H. 
Koyle,  District  Surveyor;  read  July  9,  1876,  before  the  Association 
ot  Municipal  and  Sanitary  Engineers  and  Surveyors. 
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Company,  near  Carnarvon.  2n(i.  The  Syenite  Granite 
Company,  Portmadoc.  3rd.  From  greywack6  quarries  at 
Penmaenmanr,  North  Wales.  4th.  From  quarries  at  Clee 
Hills,  Shropshire.  6th.  From  Newry,  Ireland.  It  is  said 
that  the  prices  of  sets  fi:om  these  quarries  are  nearly  the 
same. 

The  secondary  streets,  of  little  traffic,  are  paved  with 
sets  of  miJlstone-grit,  brought  from  the  mountainous  dis- 
tricts of  Lancashire  and  Derbyshire. 

Macadam,  which  is  regarded  in  Manchester  as  an  expen- 
sive  nuisance,  is  being  gradually  replaced  with  granite 
pavement. 

The  paved  carriage-ways  are  constructed  in  the  follow- 
ing manner: — ^A  foundation,  not  exceeding  15  inches  in 
thickness,  is  laid,  of  cinders  and  other  hard  material, 
including  3  inches  of  gravel  as  a  bedding  for  the  sets. 
The  traffic  is  turned  over  this  foundation  imtil  it  becomes 
solid ;  and  the  temporary  gravel  surface  is  renewed  from 
time  to  time.  When  the  surface  has  become  sufficiently 
solid,  the  sets  are  bedded  upon  it,  and  well  beaten,  and 
they  are  racked  with  clean  small  broken  stones,  or  with 
washed  gravel.  The  joints  of  the  stones  are  then  filled  up 
with  an  asphaltic  fluid  mixture  composed  of  coal-tar,  pitch 
made  from  coal-tar,  gas-tar,  and  creosote  oil ;  in  the  pro- 
portion of  1  cwt.  of  pitch  to  4  gallons  of  tar,  and  1  gallon 
of  creosote, — ^proportions  which  are  varied  somewhat  accord- 
ing to  the  quality  of  the  pitch  employed.  The  mixture  is 
melted  and  boiled  for  £rom  1  to  2  hours,  in  a  boiler  adapted 
for  the  purpose,  before  it  is  poured  into  the  joints. 

The  use  of  the  pitch-composition  for  closing  the  joints 
of  the  stone -sets  was  originally  suggested  by  Mr.  Ron- 
chetti,  a  chemist,  of  Manchester ;  and  the  good  reputation 
of  Manchester  pavement  is,  in  a  great  measure,  due  to  the 
employment  of  this  compound  for  jointing,  together  with 
the  solid  foundation  prepared  for  the  pavement.     The 
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jointing  is  impervious  to  moisture,  and  possesses  a  degree 
of  elasticity  sufficient  to  prevent  it  from  cracking.  It 
adapts  itself  to  all  temperatures.  Sometimes,  as  Mr.  Eoyle 
observes,  in  the  heat  of  the  summer,  the  asphalte,  as  he 
calls  it,  rises  out  of  the  joints,  and  slowly  flows  to  the 
channels ;  but  this,  it  is  said,  rarely  happens,  and  it  hap- 
pens only  when  the  asphalte  has  not  been  properly  pre- 
pared. It  follows  that  the  foundation  is  always  dry,  and  as 
no  material  rises  from  below,  the  formation  of  mud  is  pre- 
vented, and  the  cleansing  of  the  surface  is  easily  done. 
The  foundations  of  hard  core,  prepared  in  the  manner 
described,  have  given  entire  satisfaction;  and  there  has 
not  been  any  need  for  the  employment  of  concrete  in 
foundations. 

The  pitch  obtained  for  the  jointing  of  the  pavement  has, 
during  the  last  10  or  12  years,  deteriorated  in  value  for 
the  purpose, — since  the  demand  for  gas-tar  for  the  manu- 
facture of  aniline  and  other  dyes,  which  has  greatly  in- 
creased,— by  the  removal  of  that  ingredient  in  virtue  of 
which  the  asphalte  retained  its  elasticity  and  adhesive- 
ness. The  deficiency  is  partially  supplied  by  the  addition 
of  the  gas-t£ir,  which  is  added  to  the  pitch  whilst  it  boils. 
Still,  it  is  said,  the  asphalte  laid  in  the  old  pavements 
was  much  better  than  that  which  is  now  made ;  and  the 
carriage-way  pavements  more  recently  constructed  are  not 
likely  to  last  so  long  in  good  condition  as  the  older 
asphalted  pavements. 

The  cost  for  repaving  an  old  street  with  sets  6  inches 
deep,  exclusive  of  the  cost  for  foundation,  and  without 
taking  credit  for  old  material,  is  as  follows  : — 

For  stone  sets,  6  inches  deep       •        •    8s.  4d.  per  square  yard. 

Labour,  carting,  gravel,  asphalte         .    2s.  6d.  to  2s.  9d.        „ 

Total    .        .        .    ,   .        .        .  10s.  lOd.  to  lis.  Id.    ,, 

^       The  amount  of  the  second  item  for  labour,  &q,,  is  a  mini- 
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mum  in  simimer,  when  the  men  work  for  54J-  hours  per 
week;  and  is  a  maximum  in  winter,  when  the  hours  of 
labour  arc  fewer.  The  average  cost  for  the  year  is  lis, 
per  square  yard. 

"  Mr.  Boyle  states  that  the  cost  for  maintenance  of 
asphalte-granite  pavement  is  in  simple  proportion  to  the 
density  of  the  traffic ;  at  the  centre  of  the  City,  the  cost 
is  greatest.  He  adds  that  the  average  duration  of  the 
pnvement,  as  first  laid,  is  14  years;  at  the  end  of  which 
time  it  requires  to  be  entirely  relaid ;  and  that  a  sinking 
fund  of  Sd,  per  square  yard  per  year  would  provide  labour 
and  material  for  maintenance  in  perpetuity. 

Macadam  in  Manchester, — The  cost  of  macadamising 
Albert  Place,  Manchester,  in  1852,  exclusive  of  founda- 
tion, comprising  an  area  of  1,373  square  yards,  was  as 
follows : — 

Per  gq.  yd. 
8.    a. 

606  tons  9  cwt.  of  macadam  at  lOs.  •    £303    4    6        4    5 

Labour       .  •  «    *        .  .         11  18    8        0    2 

Carting 24  15    4}      0    4} 


Total     ,  .  .339  18    6J      4  11 J 

Taking  the  weight  of  one  cubic  yard  of  macadam  at 
1^  tons,  the  bulk  of  the  macadam  used  was  (606*5  x  f =) 
639  cubic  yards,  which  was  equivalent  to  a  layer  9  inches 
in  thickness.  The  cost  of  maintenance,  including  scav- 
enging, was  i8,  lid,  per  square  yard  per  year. 

Manchester  now  has  490  miles  of  paved  streets,  granite 
setts  or  blocks  and  tar  grouting  being  chiefly  used,  except 
in  the  secondary  or  suburban  streets,  where  millstone  grit 
flag,  also  laid  with  tar  grouting,  is  employed. 

Stone  Pavements  in  other  towns : — ^In  Jersey  City,  N.J.,  is 
a  street  paved  with  trap  rock  which  has  been  in  use  for 
thirty-five  years.  It  is  good  now,  but  worn  quite  smooth. 
In  Worchester,  Mass.,  only  granite  block  pavement  is  used, 
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and  the  surveyor  is  of  opinion  that  it  will  outlast  any  other 
pavement.  There  are  granite  block  pavements  there  which 
were  laid  twenty  years  ago,  and,  of  course,  have  been  re- 
laid  since,  which  are  in  a  good  condition. 

The  surveyor  of  Edinburgh  gives  the  first  place  to 
granite  block  pavement,  the  second  place  to  hard  sandstone, 
and  a  bad  third  place  to  wood.  As  regards  the  setting, 
granite  laid  on  a  6-inch  bed  of  concrete  with  a  cushion 
of  H  inches  of  sand  under  the  stone  is  preferred.  • 

In  Glasgow  granite  pavement  is  said  to  last  without  re- 
dressing from  twenty  to  thirty  years,  according  to  the 
traffic,  after  which  it  can  be  redressed  and  will  be  then 
suitable  for  paving  purposes  for  another  twenty  years,  and 
even  after  that  useful  for  paving  purposes  in  many  streets 
where  there  is  but  little  traffic. 

Newcastle-on-Tyne  has  107  miles  of  paved  streets  and 
33  miles  of  macadam.  Granite  setts  or  blocks  are  there 
f oimd  to  last  from  twenty  to  thirty  years.  Granite  chips 
(macadam)  from  ten  to  fifteen  years.  Experience  in  this 
city  has  demonstrated  that  the  Telford  system  of  road- 
making  gives  excellent  results  whether  used  as  a  sub- 
stratum for  paved  or  macadam  roads,  audit  has  been  found 
that  a  little  extra  trouble  taken  with  the  hand-packed 
underlayer  of  8  inches  thick,  is  very  amply  repcdd  in  the 
superior  wear  of  the  pavement  above,  in  fact  the  bottoming 
is  found  to  be  the  chief  part  of  the  road. 

In  Dublin  preference  is  given  to  stone  setts  or  blocks 
close-jointed  laid  on  concrete  for  heavy  traffic.  Some  of 
the  granite  paving  laid  on  the  old  system  without  concrete 
or  tar  joints  has  lasted  for  thirty  years. 


CHAPTER  X. 


WEAR  OF  GRANITE  PAVEMENTS. 


It  lias  been  stated  that  the  greywack6  sets  from  Fen- 
maenmanr  are  practically  limitless  in  their  resistance  to 
wear ;  and,  as  a  corollary,  they  make  dangerously  slippery 
pavements.  Next  to  these,  the  sets  of  Guernsey  granite 
may  be  ranked.  Mount  fiorrel  granite  comes  after ;  and 
Aberdeen  granite  sets,  the  most  generally  popular,  are  the 
softest  and  the  least  durable ;  that  is,  they  wear  the  most 
rapidly.  The  order  of  resistance  to  wear  of  other  stones, 
— ^the  results  of  Mr.  Walker's  experiments, — ^has  been 
giyen,  page  126. 

The  data  for  the  vertical  wear  of  granite  pavement, 
forming  the  basis  of  the  following  table,  No.  28,  are 
collected  from  various  sources*: — 

Table  No.  28. — ^Wear  op  Carbuoe-wat  Pavements  in  the  City. 

Aberdeen-granite  stones. 


1 

LOOALRT. 

Tear  of 
obser- 
vation. 

Width 

of 
stones. 

Nnin- 
berof 
years 
down. 

Amount  of  vertical  wear. 

Num- 
ber of 
years  to 
wear 
away 
linck 

Total 

per  Tear. 

Watling  Street 
Great  Tower  Street . 
Biflhopsgate   Street 

Without 
St.  Paul's  Churchyard 
Meet  Street     . 

1844 
P 

1860 

1847 
1846 

Inches. 
6 
6 

6 

6 
6 

Tears. 
17 
9 

20 

16 
14 

Inches. 

li 

2A 

2 
2 

Inch. 

•066,  or  A 

•139,  or  J  nearly 

•106,  or  iV  fully 

•126,  or  J 
•143,  or  } 

Tears. 

16-6 

7-2 

9-6 

8 
7 

Poultry    .        • 
London  Bridge 
Blackfriars  Bdg.(old) 
Bo.  (Guernsey  stones) 

1862 
1861 
1863 
1863 

3 
3 
8 
8 

6 

9 

13 

13 

litolj 
2 

•230,  or  i 

•222,  or  i 

•115,  or  i 

•019,  or  »*f 

44 

4-6 

8-7 
62 

•  Chiefly  from  the  Froceedinga  of  the  Imtitutum  of  Civil  Engimeri^ 
vol.  ix.,  page  214 ;  and  vol.  xiil.,  page  221. 
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A  similar  table,  No.  26,  gives  tlie  cost  for  the  con- 
struction of  several  streets  with  boulder  paving;  fix)m 
which  it  may  be  seen  that  the  boulders  were  bedded  on 
the  ground,  without  the  intervention  of  a  hard  bottoming. 

Table  No.  25. — Liyebpool  Stbeets  : — Ck)8T  fob  Construction  psr 
SavABB   Yabd   op  thb    Gabbiaob-wats  op   Six   Stbbbts   in 

DIPPBBSNT  LOCALITIBS. 

Qreywacke  Set  Pavements. — Sets,  3  inches  wide,  7  inches  deep. 


Name  of  Street 

Ayezage 

Strand. 

s 

Temple. 

Crosby. 

Graf- 
ton. 

Bum- 
ford. 

EUiot. 

First 
Costs. 

Matekials. 

pence. 

pence. 

pence. 

pence. 

pence. 

pence. 

pence. 

Stone  Sets . 

• 

37-14 

29-47 

24-72 

36-26 

38-72 

26-92 

32-20 

Gravel,   Sand, 
Ballast 

i 

5*38 

6-90 

8-23 

•89 

2-03 

2-08 

409 

Lime 

• 

1-23 

2-28 

1-19 

1-08 

2-65 

roi 

1-57 

Crossings  . 

• 

3-14 

2-76 

2-28 

•03 

•67 

10-07 

3^16 

Channels    . 
Materials 

• 
• 

1-60 

6-69 

2-58 

3-18 

4-40 

— 

3-07 

48*49 

47-09 

39-00 

41*44 

48-47 

40-08 

44-09 

Cartage     . 

Total  Cost  for 
Materials 

• 

) 

13-60 

8-26 

2-34 

4-04 

1-42 

197 

6-27 

62-09 

66-36 

41-34 

46-48 

49-89 

42-05 

49-36 

Labour. 

Paviors 

• 

6-59 

6-92 

4-09 

1-93 

3-29 

}7-89 

/4-19 
(8-93 

TAbourcrs  . 
Labour    . 

• 
• 

11-43 

12-23 

958 

4-84 

10-38 

1702 

1916 

14-27 

6-77 

13-67 

7-89 

13-12 

I^^se  of  Tools 

Total  cost  fox 
Labour 

• 

) 

•90 

1-33 

•51 

•45 

•72 

•39 

-72 

17-92 

20-48 

14-78 

7-22 

14-39 

8-28 

13-84 

Total  Cost  f  01 

Materials  & 

80-01 

75-83 

56-12 

62-70 

64-28 

60-33 

63.20 

Labour 

or 

6s.  8d. 

68.3id 

4b.  8d. 

4s.4id. 

6B.44d. 

48.24d  os.34d. 
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Taiilb  No.  26. — ^LiTXRpoOL  Strbbts  : — Cost  for  Construction  pbu 
Squarb  Yard  op  thb  Carbuob-ttats  of  Sjx  Streets  in  pif» 
FERENT  Localities. 

Boulder  Fayement. 


Kame  of  Street 

Average 
First 
Costs. 

Spenoer 

Hygeia. 

Bheri- 
dan. 

Jubilee. 

Hope. 

Hope 
Place. 

Materials. 

Boulders    . 
Channels    . 
Crossings  . 
Grarel  and  Sand 

Materials 
Cartage 

Total  Cost  for  1 
Materials 

pence. 
U-61 
4-08 
•27 

pence. 

17-62 
3-96 
1-88 

pence. 

12.28 

9^82 

13-60 

•22 

pence. 

13-06 

6-39 

8-61 

•61 

pence. 

9-76 

4-61 

3-36 

•41 

pence. 

11-26 

6-80 

1-66 

•69 

pence. 

1308 

5-93 

4-88 

•32 

18-96 
2-83 

23-36 
8-76 

36-92 
8-34 

28.57 
6-49 

18-03 
3-06 

20-40 
1-21 

24-21 
411 

21-79 

37-12 

44-26 

34-06 

21-09 

21^61 

28^32 

TiABOUR. 

Paviors      ; 
Labourers  . 

Labour    . 
Use  of  Tools      . 

Total  Cost  for] 
Labour         j 

8^61 
6-27 

3-24 
4-86 

2-83 
11-74 

4-17 
4-98 

2-88 
3-30 

3-80 
4-53 

3-40 
5-78 

8-78 
•51 

8-10 
•48 

14-57 
•98 

9-16 
•37 

6-18 
-62 

8-33 
•46 

9-18 
•57 

9-29 

6-68 

15-56 

9-52 

6-80 

8-79 

9-76 

Total  Cost  fori 
Materials  &  |> 
Labour,       J 
or 

31-08 

36^70 
2/11* 

69-81 
4/llt 

43-58 
88.7Ji 

27-87 
2s.  4d. 

30-40 
2s.6id. 

38-07 
3s.  2d. 

These  tables  afford  good  selections  of  instances  to  show 
how  much  the  cost  is  influenced  by  the  circumstances 
imder  which  the  work  is  done.  The  cost  of  the  materials 
used  in  set-paving  does  not  vary  so  much  as  the  cost  of 
cartage  and  of  labour,  which  depend  upon  the  distance  of 
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that  of  London  Bridge,  shows,  in  column  5,  about  twice 
the  actual  duration ;  and  that,  consequently,  the  products 
in  the  last  column  are  substantially  identical.  The  per- 
formance of  Bishopsgate  pavement  is  high;  and  the 
highness  of  the  rate  may  be  partially  attributable  to 
the  fact  of  the  irregularity  of  width  of  the  street,  for 
hero  and  there  it  expands  into  large  bays  which  dilute 
the  traffic  to  some  extent  at  certain  localities. 

The  evidence  in  the  last  table  supports  generally  Colonel 
Haywood's  conclusion^  drawn  from  the  results  of  his 
observations,  that  the  duration  of  a  pavement  is  ''  almost 
exactly  "  in  the  inverse  ratio  of  the  amount  of  the  traffic 
over  it. 

From  the  foregoing  materials,  some  useful  general  data 
maybe  adduced  for  the  wear  and  duration  of  granite  pave- 
ments. For  the  seven  pavements  named  in  Table  No.  29, 
the  traffic  and  the  wear  were  as  follows : — 


Abkbdbsk  QtLkvrti  Patbmbitts 

Vehicles  per 

Vertical  wear 

footofmdth. 

per  year. 

Great  Tower  Street '     . 

181 

•139  inch. 

Binhopsgate  Street  Without     . 

190 

•105     „ 

St.  Paul's  Churchyard  • 

207 

•125     „ 

Fleet  Street 

258 

•143     „ 

Poultry  .                                    « 

467 

•230     „ 

London  Bridge  . 

374 

•222     „ 

Blackfriars  Bridge  (old) 

188 

•115     „ 

Totals 

,     1,865  vehicles. 

1-079  inchei 

Averages     .            .            , 

266      „ 

•154    „ 

From  these  averages,  it  appears  that  the  wear  per  100 
vehicles  per  day  per  foot  wide,  was  equal  to  ('154  X  i^=) 
•058  inch,  or  about  iV  inch  per  year. 

To  apply  this  rate  of  wear  to  the  representative  streets 
in  Table  No.  24,  page  188,  the  daily  traffics  in  12  hours  are 
here  take!n,  for  the  sake  of  uniformity  of  comparison  :*•— • 

*  These  traffics  aro  taken  from  a  table  of  Asphalte  Paveiuentfl,  in  a 
foUcwing  page. 
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Choapsidd    •           . 

298  vehicles  per  foot  of  "width. 

Poultry        .            . 

363             „               „ 

Old  Broad  Street    . 

103 

Moorgate  Street 

188              „                „ 

Lombard  Street       « 

147 

Average 


220 


(  The  average  duration  of  the  granite  payements  in  these 
streets  is  given  in  Table  No.  24  as  15*6  years.  Take  it 
at  15  years,  as  a  round  number.  Then,  the  total  vertical 
wear  of  the  pavements  when  removed  is  (i^  X  15  X 
iU  =)  2-06  inches,  say  2  inches. 

Again,  the  stones,  after  having  been  redressed,  last  20 
years  longer,  in  minor  streets,  for  which  the  traffic  averages 
150  vehicles  in  12  hours,  per  foot  of  width.     Then  the 
total  vertical  wear  in  the  minor  streets  is  (j^  X  20  X 
\a  =:)  1*875  inches,  or,  as  a  round  number,  2  inches. 

Table  No.  30. — City  op  London:— Recapitulation  op  Data  on 
THE  Weak  and  Duration  of  Aberdeen  Granite  Pavements. 

Sets,  3  inches  wide ;  9  inches  deep. 


Aberdeen  Oranite  FaTementa. 

Vertical  wear. 

Duration. 

Vertical  wear  per  100  vehicles  in  12 
hours  per  foot  of  width,  per  year  . 
Total  vertical  wear  in  principal  streets 
Ditto  additional  ditto  in  minor  ditto    . 
Total  vertical  wear  when  laid  aside     . 
Hemaining  depth  when  laid  aside 
Depth  of  new  sets        .... 

Inches. 

A 

2 
2 
4 
6 
9 

.    Yeara. 

1 
15 
20 
15 

Here  it  is  seen  that  3 -inch  sets  may  be  reduced  by  wear 
to  5  inches  of  depth,  when  they  are  treated  aa  worn  out, 
and  are  laid  aside. 

The  depth  of  a  stone-set  should  be  proportioned  to  the 
width  at  the  surface.  For  insuring  steadiness  and  re- 
sistance to  the  vertical  and  oblicjue  forces  applied  to  it  by 
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the  traffic,  the  depth  of  a  set  cannot  be  too  great ;  but  it 
may  be  too  small,  for  the  resistance  to  displacement  be- 
comes less  as  the  depth  is  reduced  in  proportion  to  the 
width.  A  flagstone  laid  in  a  foot  pavement  is  an  extreme 
case  in  point :  it  can,  if  at  all  loose,  be  more  easily  tilted 
on  its  bed,  by  forces  acting  on  it,  which  may  act  with 
leverage,  than  if  it  were  one  of  a  row  of  flags  on  edge 
placed  side  by  side.  For  reasons  of  this  nature,  old 
paving  stones,  from  6  to  8  inches  wide,  are  to  be  met  with 
in  London,  having  a  depth  of  11  or  12  inches.  Modem 
granite  sets,  3  inches  wide,  are  made  7  or  9  inches  deep , 
and  if  2-inch  sets  were  used,  a  depth  of  6  inches  would  be 
sufficient  for  stability.  Thence  there  is  a  saving  in  first 
cost  by  laying  narrow  sets. 
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CHAPTER  XI. 

STONE  TRAMWAYS  IN  STREETS. 

Me.  Walkeb  laid  down  two  granite  tramways  on  tlie 
Commercial  Eoad,  in  the  east  of  London ;  they  consisted 
of  two  uniform  lines  of  *' tram-stones,"  each  16  inches 
wide,  and  12  inches  deep,  and  5  or  6  feet  in  length,  placed 
at  a  suitable  distance  apart,  to  carry  the  wheels  of  vehicles. 
The  interspaces  are  paved.  Such  tracks  are  laid  in  several 
narrow  streets  in  the  City  of  London,  at  Holyhead,  and  in 
other  places.  When  they  were  first  laid  down  in  England, 
each  wheel -track  had  kerbs  at  the  outer  sides;  but  in 
recent  constructions  these  have  been  dispensed  with,  and 
vehicles  may  move  freely  from  one  part  of  the  road  to 
another.  From  the  experiments  of  Sir  John  Macneil  on 
the  resistance  of  granite  trackways,  the  resistance  amounted 
to  only  12i  lbs.,  or  13  lbs.,  per  ton  of  gross  weight: — ^less 
than  half  the  resistance  of  granite  paving.  On  an  incline 
of  1  in  20,  it  is  reported,  the  resistance  was  132lbs.  per 
ton,  against  a  resistance  of  295  lbs.  per  ton  before  the 
tracks  were  laid.  In  Glasgow,  a  tramway  consisting  of 
cast-iron  plates,  2  inches  thick,  8  inches  wide,  and  cast  in 
lengths  of  3  feet,  is  laid  in  Buchanan  Street,  on  a  gradient 
of  1  in  20,  where  it  has  been  down  for  40  years. 

Granite  tramways*  are  in  general  use  in  Northern 

*  For  the  particnlan  of  Italian  tramways,  the  writer  is  indebted 
to  the  Taluable  "  Report  on  Stone  Tramways  in  Italy,"  by  Mr.  P.  Le 
Keve  Foster,  Jun.,  O.E.,  appended  to  the  Report  of  the  Committee  of 
|be  Society  of  Arts  on  *<  Traction  on  Roads,"  Juno  25th,  1875. 
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Italy,  not  only  in  the  streets  of  the  principal  cities — as 
Turin,  Milan,  and  Verona — hut 
also  in'amaller  towns,  as  Chi- 
vasao,  Mortara,  and  Vigevano. 
They  consist  of  two    parallel 

linos  of  granite  blocks,  usually  «■ 

24  inches  wide,  8  inches  deep,    y  | 

and  5  feet  in  length,  bedded  -S 

in  a  layer  of  sand.      See  Fig.    ^  * 

SI.     The  lines  are  28  inches    ,j  | 

apart,  and  the  interspace,    or  | 

footway  for  horses,  as  well  as 
the  other  portions  of  the  road- 
way, are  paved  with  cobbles 
obtained  from  the  Fo,  or  from 
other   rivers.      These    stones         'i  | 

should  be  egg-shaped,  with  a     ^  " 

maximum    diameter   of   from     '  4 

3^  to  4i  inchee,  and  a  depth  of  a 

from   4i    to   5J-  inches.      The  3 

roadway  is  usually  formed  with      1  » 

a  slight  inclination  downwards  Hk~  'I 

towards   the  centre.      By  this  | 

arrangement,  the  space  between    ^^^  I 

the  trams  serves  as  a  channel  to    §  X 

receive  the  surface  water,  and    6  | 

is   provided  with  stone   grat-  I. 

ings,  placed  at  suitable  inter-     .  1 

vols,    OS    shown    in    Fig.    52,  —''—  * 

by  which  the  water  escapes 
into  the  sewers.  The  surfaces 
of  the  trams  are  slightly  in- 
clined towards  each  other,  the 

inner  edges  being  f  inch  lower  than  the  outer  edges; 
whilst  the  interspace  is  concave,  having  a  versed  sine  or 
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depression  of  1}  inches.    The  foundation  of  the  roadway 


Fig.  62.— Plan  of  Tnanway,  Northern  Italy,  showing  stone  guUsy. 

'  Scale  MOOth. 


tie.  88  ~Tram\ray8  hi  Northern  Italy.    IntcreccUon  of  Timnway s  at 

night  Angles. 
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consists  of  a  layer  of  screened  grarel,  about  6  inches  deep, 


placed  on  the  surface  of  the  ground,  and  ivell  rammed  and 
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w^atered,  bo  as  to  form 
a  compact  mass.    Two 
iachoB  of  saad  is  laid 
oa  the  gravel,   bb  a 
bed  for  the  paving- 
stone*.      The    upper 
Bur&oes  of  ihe  trams 
are  dressed  flat,  and 
the   ends    square,  to 
form  close  joints.  The 
stone  gratings  for  the 
S    gullies  are  32  inches 
e-    long,     formed     with 
•g    three  slots,  12  inches 
I    long    and     H     inch 
I    Tvide.   After  the  trams 
1    are  placed,  the  other 
^    portions  of  the  pave- 
»    ment   are  completed. 
i     After  the  surface  has 
I    been     -well     rammed 
•a     with   a  Tvooden  ram- 
I    raer,    it     is    watered 
^    and  covered   with   a 
S    bedding    of    sand    i 
g    inch  deep,   so   as  to 
fill  the  joints  by  de- 
grees.   On  steep  gra- 
dients,    the    surfaces 
of     the     trams    are 
grooved  diagonally. 
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Schedule  of  Prices  in  Milak. 


Qranite  blocks  for  trams,  from  the  quarries  of  St. 

Fedelino,  including  labour  for  setting,  per  lineal 

yard         ......  10s.  SJd. 

Qranite  blocks  from  Mont  Orfano       per  lineal  yard  8s. 

Do.        do.  do.  \ 

not  including  setting         j         "        "  ^^'  ^^ 

Paving  with  cobbles   .  .  per  square  yard  lOJd. 

^t  sand  .  .  .  per  cubic  yard  Is.  6^d. 

Biver  sand,  from  the  Ticino  or  the  Adda         „  3s.  O^d. 

Screened  pit  grayel      .  .  .  »,  Is.  Ifd. 

Do.        do.       from  the  Adda      •  i,  2s.  lid. 

Gobbles  for  paying,  from  the  Adda  or  > 

theBrembo     i  "  5s.  8Jd. 

Do.        do.        from  the  Ticino    .  „  4s.  3d. 

Do.        do.        from  the  Lambro  ^ 

or  the  Senese  j  "  ^^'  ^^5^' 

Stone  gratings  for  gullies       .  •  .      each  13s.  9d. 

Wages : — Stone  mason  .  .  i>cr  day  2s.  to  2s.  9d. 

Labourer     ...  „  lO^d.  to  Is.  7d. 

Favior         .  .  .  „  lO^d.  to  Is.  7d. 

Labour : — Dressing  ends  of  granite  )  ,  ^     .    «       , 

blocka  to  form  joints  I  P-'^l^^J''^  2s.  to  38.  4d. 

Dressing  sides  of  blocks  „  Is. 

Dressing  upper  surface  i 

of  blocks  .        .)  "  ^•^^• 

Repairs : — Removal  and  rebedding  % 

of  stones,  including  ^^^^    ^  j^  j^ 

drcssmg  upper  sur-  L 

face  and  ends  .        . ' 

Removal,  without  re-dressing  „  lOd. 

Cutting  diagonal  groov  es  \ 

f  inch  deep,  4  inches  >  per  square  yard  8d. 

apart,  on  trams        .  / 

From  these  prices,  it  is  calculated  that  the  cost  of  a  line 
of  tramway,  comprising  two  lines  of  trams  and  the  inter- 
mediate paving,  amounts  to  £1,778  per  mile. 

On  wide  thoroughfares,  as  at  Milan,  there  are  three  or 
four  lines  of  granite  tramway.  But,  on  some  lines,  the 
interspace  is  paved  with  Dutch  clinker  bricks 
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A  Member  of  the  Committee  of  the  Society  of  Arts  pro- 
posed a  new  form  of  tramway  and  road,  in  which  a  line  of 
aaphalte  trams  ia  laid  on  a  road  formed  of  hard  concrete. 
See  Fig.  55. 

The  design  for  a  concrete  road  is  based  upon  the  prin- 


Fig.  B8.— Proposed  Eoadwiy  with  WTiwl-tracks  of  Aaphalte. 

ciple  of  Mr.  Mitchell's  concrete  macadam,  already  noticed. 
Another  design  by  the  same  member  is  illustrated  by 
Fig.  56. 


CHAPTEE  XIL 

WOOD  PAVEMENT, 

Wood-paving,  originally,  was,  like  granite-paving,  laid 
in  large  blocks,  and  without  any  width  of  joint  or  inter- 
space,— ^like  the  hexagonal  paving  introduced  from  Bussia, 
measuring  8  or  9  inches  across  ;  and  like  Carey's  original 
paving,  in  blocks  6  inches  wide,  and  12  inches  long,  a 
sample  of  which  remained  till  recently  in  Bartholomew  Lane. 
But^Hke  granite -paving,  wood-paving  best  answers  its 
purpose  when  it  is  restricted,  in  the  width  ^f  sets  or 
blocks,  to  3  inches,  3j-  inches,  or  4  inches,  withjnt£r= 
spaces  or  inclines,  to  afford  the  requisite  stability  for  a 
minimum  depth,  and  the  necessary  foothold  for  horses. 

Wood-paving  is,  by  almost  universal  practice,  laid  with 
the  fibre  m  a_yertical  position^ — on  end.  This  is  the 
best  position  for  wear,  for  endurance,  and  for  safety. 


According  to  the  best  experience  of  wood-paving^_it 
should  consist  of  plain  rectangular  blocks,  solidlysetupon 
a  foundation  of  concrete,  with  water-tight  joints.  A 
wood  pavement  so  constructed  as  to  fulfil  these  conditions, 
gives  satisfaction  on  the  five  points  of  convenience,  cleans- 
ing, maintenance,  safety,  and  durability.  Unless  the 
foundation  be  rigid,  it  is  impossible  to  preserve  a  sound 
pavement ;  and  as  in  macadam,  so  in  wood-pavement,  the 
dogma  of  elastic  action  has  been  exploded  by  experience, 
for  it  was  found  that  such  a  degree  of  elasticity  as  is 
afforded  by  the  reaction  of  vertical  wood-fibre,  against 
a  vertical  pressure,  is  quite  sufficient  to  absorb  the  shock 
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of  a  hone's  hoof,  and  to  soften  the  strokes  of  loaded 
wheels. 

As  with  gri^tQ  k^jRj  an  with  wqqi^  >^lofilr«j  ^^t*  g^"g** 
of  a  horse's  hoof  js  the  measure  of  the  proper  maximum 
width.  The  most  common  width  of  hlockfl_i8  j  inches; 
but  they  are  sometimesjnade  3J  inches  or  4  inches  wide. 
T^e  advantage  of  the  narrower  width  consists  in  this, 
thatf  besides  flfforniTig  a  more  ready  footfiold.  narrower 
blocks  have  morejtability  than  wider  blocks  of  the  same 
depth;  and  thjt^^n^short,  the  narrower  the  blocks  the 
shallower  it  niay_Jbe_made, — so  economising,. ynaterial. 
Mr.  Carey's  practice  affords  an  illustration  in  point, 
nis  original  blocks,  which  were  6  or  7  inches  wide,  were 
made  8  inches  and  9  inches  deep  ;  according  to  his  latest 
practice,  his  blocks  are  only  4  inches  wide,  and  they  are 
only  5  inches  or  6  inches  in  depth.  The  course  of  the 
practice  of  wood  pavement  is  strictly  analogous  to  that  of 
granite-set  pavement.  It  may  be  added,  that  the  length 
of  a  block  should  be  suitably  proportioned  to  the  width. 
A  length  of  12  inches  for  a  block  3  inches  wide,  has 
been  tried  and  found  to  be  too  much : — the  blocks  were 
subject  to  splitting  across. 

The  normal  flimftnsiftnfl  of  poftrw^^^  blocks  in  current 
practice  are ; — width,  3  inchesj  dopth,  fi  inohon ;  longth, 
9  inches.    These  are  in  the  propo^^'^Tlft  of  ^  >  ^p  **^^  t^, 

The  next  essential  provision  is  an  interspace  of  suit- 
able width  between  the  courses  of  blocks,  to  make  a 
good  joint,  affording,  at  the  same  time,  foothold  where 
the  joints  supply  the  only  fulcrum.  The  blocks  are  sot 
end  to  end  in  each  course ;  and  the  width  of  interspace 
between  the  courses  varies  from  about  ^  inch  to  }  inch. 
Experience  has  decided  that  the  narrower  the  interspaces 
the  better  for  the  durability  of  the  j^avftnifint. 

JHmenstani  of  Sard-wood  Paving  Blocks. — Hard-wood  blocks 
as  now  used  are  generally,  width  3  inches,  depth  6  inches, 
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and  lengtk  9  incIieH,  these  hning  found  to  be  in  practics 
"tie  bTet  dimenBiona.  Oloae  jomting  with  pitch,  and  actual 
butt-joiating_of  the  natural  wood  ^e  favoured  by  the 
'beat  authoritiea. 

Methoda  of  laying  aid  jomting  Wood  Paving  Blocks. — ^Tho 
lajiog  and  jointing  of  wood  blocks  has  been  effected  in  a 
great  number  of  different  manners,  and  numerous  patents 
have  been  taken  ont  from  time  to  time  upon  this  subject. 
Space  does  not  admit  of  our  going  into  any  particulars 
here,  but  short  descriptions  of  a  few  of  the  many  systems 
will  be  found  given  further  on.  It  may  bo  mentioned, 
however,  that  some  of  these  systems  provided  for  laying 
the  blocks  on  boards  on  a  foundation  of  sand,  others  for 
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laying  them  upon  either  a  layer  of  asphalte  or  upon  a  bed 
of  tarred  felt  placed  upon  a  foundation  of  concrete.  The 
laying  of  the  blocks  has  been  executed  by  placing  them 
in  transverse  courses,  and  diagonally  as  in  the  casb  of 
Lloyd's  keyed  system.  As  regards  jointing,  this  has  been 
also  carried  out  in  a  great  variety  of  manners,  amongst 
which  may  be  mentioned  what  are  known  as  the  mastic, 
semi-mastic,  cement,  lime,  felt,  etc.,  the  width  of  the  joints 
ranging  from  that  of  practically  nil  in  the  case  of  the  close 
butt  joint  to  1  inch  in  the  widest.  In  the  wide-joint  types 
of  pavement  means  for  keeping  the  blocks  at  regular  and 
parallel  distances  apart  in  the  transverse  couxsea  have  to 
be  adopted,  but  the  ends  of  the  blocks  are  osually  arranged 
to  butt  or  are  placed  in  contact.    The  distance  between 
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the  tranereree  coiu^s  is  in  some  cases  maintaiaed  by 
means  of  wooden  stripe  or  laths,  as  shown  in  IPig.  57,  and 
in  others  by  the  use  of  cast-iroB  siug^le  or  double-pointed 
studs  which  are  fixed  in  each  block,  one  form  of  single- 
pointed  stud  and  method  of  fixing  same  in  the  block  ia 


shown  in  the  illustrations  (Figs.  58  and  59).  This  latter 
arrangement  not  only  serves  the  purpose  of  keeping  the 
straight  joints  in  the  transTerse  eourses  parallel,  but  also 
acts  to  a  certain  extent  to  lock  or  key  the  blocks  tt^ether 

and  to  prevent  their  displacement. 


3 


Hg.  sa,— Side  and  «nd  view  ol  Stud,  dnirn  lo  an  enlBiged  scale. 

The  more  complicated  types  of  pavement  are  now  but 
little  used,  unl^s  it  be  in  very  special  cases  and  under 
certain  specific  circumstances,  and  for  ordinary  conditions 
experienoe  has  undoubtedly  proved  that  the  simpler  the 
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form  of  construction  the  better,  and,  as  has  been  already 
mentioned,  blocks  laid  with  either  close  or  with  butt 
joints,  upon  a  solid  bed  or  foundation  of  good  concrete, 
are  found  to  be  the  best. 

At  the  intersection  of  the  streets  the  courses  must  be  so 
laid  as  to  ensure  as  smooth  and  even  a  surface  as  possible 
for  vehicles  to  pass  oyer.  The  method  of  blocking  at  the 
intersection  of  streets  adopted  by  Mr.  Stayton  in  the 
Chelsea  pavements  is  shown  in  Fig.  60.  This  consists  of 
laying  the  intersecting  courses  V -shape,  so  as  to  ensure 
the  traffic  passing  over  the  blocks  at  an  angle  of  90  degrees, 
or  as  nearly  approaching  thereto  as  attainable.  With 
wood,  however,  as  with  all  other  paving  materials,  even 
given  a  pavement  as  nearly  perfect  as  it  is  practically 
possible  to  construct  it,  tmless  the  maintenance  thereof  be 
properly  attended  to,  it  cannot  remain  for  any  length  of 
time  in  a  satisfactory  condition,  but  must  sooner  or  later 
fall  into  a  state  of  disrepair. 

Principal  Woods  employed  at  the  present  time  for  paving 
purposes. — ^The  woods  at  the  present  time  employed  for 
paving  purposes  in  this  country  comprise  Baltic  fir,  beech, 
cedar,  elm,  larch,  oak,  pitch  pine,  and  the  Australian  and 
New  South  Wales  hard  woods,  blackbutt,  blue  gum, 
jarrah,  karri,  red  gum,  spotted  gum,  and  tallow  wood. 

In  the  large  cities  of  South  America  certain  native  hard 
woods,  such  as  the  quebracho  and  algarobos,  are  used  with 
excellent  results. 

Pitch  pine  being  a  wood  containing  a  large  quantity  of 
resin,  is  unfitted  for  use  in  damp  situations,  as  it  is  imder 
such  circumstances  liable  to  rot  very  rapidly ;  it  is  also 
quickly  affected  by  changes  of  temperature,  and  would 
therefore  seem  to  be  unsuitable  for  this  climate.  The  best 
soft  wood  for  paving  purposes  is  St.  Petersburg  red  deal, 
and  next  to  this  follow  in  consecutive  order  Memel,  Dant- 
zig,  Biga,  Swedish  yellow  deals,  and  American  spruce. 

Mr.  Stayton,  writing  in  1884,  advocated  the  use  of 
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blocks  out  from  Swedieh  yellow  deals  (Gothenburg  thirds); 
dose  and  evenly  grained,  -well-eeasoned,  and  thoroughly 
bright  and  sound.*  The  result  of  heavy  traffic  upon  vi 


Fig.  60.~Pl«i  view  dunrine  Hetlud  at  Blocking  at  the  intenection  of  atrMb. 

kinds  of  Tood  unquestionably  demonstrates,  he  says,  that 
of  hard  woods  pitch  pine  takes  a  high  place.  The  extreme 
'  Frvtttdwpi  qf  the  Imtitulian  0/  Civil  Sufintrt,  IBM,  vol.  IxxriiL 
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hardness  of  this  timber,  however,  he  considers  renders  it 
wanting  in  elasticity  as  compared  with  yellow  deal,  and 
disagreeable  for  fast  traffic.  Dantzic  fir  he  considers  to 
be  durable,  but  attended  with  inconvenience  and  waste  in 
converting  the  balks  into  ordinary-sized  paving  blocks. 
Elm  and  oak  unsuited  for  standing  the  atmospheric 
changes  to  which  street  surfaces  are  exposed.  Larch  in 
all  probability  taking  a  high  position  as  a  street  paving 
material,  both  on  account  of  its  hardness  and  durability, 
but  the  supply  too  limited  to  admit  of  its  extensive  em- 
ployment. American  spruce  is  neither  suitable  nor  durable. 
The  same  gentleman  obtained  numerous  specimens  of 
blocks  from  various  streets  in  London,  and  the  maximum 
depth  of  wood  in  these  blocks  was  found  in  the  specimen 
of  pitch  pine  taken  from  King's  Boad,  which  was  5f  inches 
after  four  and  a-half  years'  wear,  and  the  minimum  depth 
'  of  wood  in  the  specimen  taken  from  Oxford  Street,  which 
was  If  inch  after  six  years'  wear. 

According  to  Mr.  E.  W.  Richards,*  of  Sydney,  the  best 
woods  for  paving  purposes  are  the  tallow  and  blackbutt 
woods  of  New  South  Wales,  and  he  considers  that  although 
jarrah  and  karri  are  very  good  woods,  still  they  cannot 
compare  with  the  former.  The  blackbutt  that  has  been 
imported  into  England  was,  says  Mr.  Bichards,  the 
Victorian  variety,  which  is  totally  different  from  that  of 
New  South  Wales,  and  has  prevented  the  due  appreciation 
of  the  wood.  The  same  authority  considers  tallow  wood 
to  be  the  best  wood  for  paving  purposes,  whilst  blue  gum 
is  a  very  good  wood,  and  capable  of  holding  its  own  with 
the  former,  blackbutt  and  red  gum  coming  next  in  order 
of  superiority. 

Much  conflict  of  opinion  exists  as  to  whe&er  jarrah  or 
karri  is  the  most  durable  of  the  Australian  hard  woods, 
and  proofs  tending  in  both  directions  are  not  wanting.  For 

*  Piveeeditiffs  of  the  Aesociation  of  Municipal  and  C<mnty  Engineers^ 
vol.  xzii. 
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instance,  jarrah  wood  piles  26  inches  square,  used  at  the 
Largs  Bay  pier,  were  found  on  examination  to  be  as  sound 
as  the  day  they  were  driven  thirty  years  ago.  Again, 
samples  of  karri  wood  cut  from  a  fence  which  had  been 
underground  for  twenty-five  years,  were  likewise  found  to 
be  in  a  perfect  state  of  preservation,  whilst^  on  the  other 
hand,  a  specimen  of  jarrah  wood  similarly  situated  was 
seriously  decayed.  Turning  to  other  woods,  it  is  known 
that  tamarisk  and  Shittem  wood  used  in  connection  with 
the  stone  work  of  ancient  Egyptian  temples  have  been  found 
in  a  sound  condition  after  the  lapse  of  a  period  estimated 
at  upwards  of  4,000  years.  Tests  carried  out  with  small 
squares  of  various  woods  buried  one  inch  in  the  ground 
resulted  in  birch  and  aspen  decaying  in  three  years ;  willow 
and  horse  chestnut  in  four  years ;  maple  and  red  beech  in 
five  years ;  elm,,  ash,  hornbeam,  and  Lombardy  poplar  in 
seven  years ;  oak,  Scotch  fir,  "Weymouth  pine,  and  silver  fir 
in  seven  years  were  found  to  be  decayed  to  a  depth  of  an 
inch  and  a-half ;  larch,  juniper  and  atbor  vitae  were  found 
to  be  uninjured  after  seven  years, 

'  The  Australian  red  gmn,  or  Eucalyptm  leiicoxylon,  is  also  a 
wood  of  remarkable  hardness,  and  doubtless  is  one  that  is 
quite  equal  to  either  jarrah  or  karri  for  paving  purposes. 
The  lower  part  of  Eegent  Street  has  been  paved  with 
blocks  of  this  material,  and  at  the  present  time  a  con- 
siderable area  of  the  streets  in  Hull  is  also  being  paved 
with  this  wood,  which  is  said  to  have  borne  the  tests  to 
which  it  has  been  subjected  in  a  most  satisfactory  manner. 
Another  wood,  however,  sometimes  confused  with  the  above 
is  the  sweet  gum,  or  Ziquidamhar  styraetflua,  which  latter 
possesses  several  characteristics  rendering  it  most  unsuit- 
able for  paving  purposes. 

The  undoubted  value  of  the  Australian  hard  woods  for 
paving  streets  renders  the  forest  resources  of  that  country 
a  matter  of  considerable  interest.  According  to  a  report 
which  has  been  prepared  by  Mr.  Ednie  Brown,  the  Con- 
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servator  of  Forests  of  Western  Australia,  upoii  the  forest 
resources  of  that  colony,  it  appears  that  the  principal 
trees  occupy  approximately  the  following  areas,  Tiz.  t 
jarrah,  JEucalyptus  marginata  (including  blackbutt  and  red 
gum),  8,000,000  acres;  karri,  Huealypttu  diversieolar, 
1,200,000  acres ;  tuart,  JSuealyptus  gomphoc^hala,  200,000 
acres ;  wandoo,  7,000,000  acres ;  and  York  gum,  yate, 
sandalwood  and  jam,  4,000,000  acres.  The  total  area  of 
the  principal  forest  surface  of  Western  Australia  is 
20,400,000  acres,  which,  allowing  for  the  inevitable  waste 
in  cutting  the  timber  to  suit  market  requirements,  Mr. 
Brown  estimates  as  being  capable  of  producing  62,000,000 
loads  of  round  matured  trees.  The  ''West  Australian 
Year-Book"  for  1892-3,  by  Sir  Malcohn  A.  C.  Eraser, 
K.O.M.O.,  the  Eegistrar-General,  gives  the  respective  areas 
as — ^jarrah,  14,000  square  miles;  tuart,  10,000  square 
miles ;  and  karri,  2,300  square  miles. 

Certain  native  woods  in  the  Argentine  Bepublic  possess, 
as  has  been  already  mentioned,  qualities  rendering  them 
especially  suitable  for  use  for  paving  purposes,  these  woods 
are  those  known  in  that  country  as  the  qwhracho^  atgar- 
rohosy  urunda^j  and  eurupay^  and  as  the  beech  of  Tierra  del 
Fuego.  According  to  the  results  given  by  a  very  complete 
and  careful  series  of  tests  carried  out  by  Jorge  Dudout* 
with  regard  to  the  density,  relative  duration,  microscopical 
structure,  and  the  bending  stresses  of  specimens  of  these 
woods,  curupay  was  found  to  be  the  most  durable,  being, 
in  fact,  twice  as  long-lived  as  either  quebracho  or  urunday. 
This  fact  was  deduced  by  a  comparison  of  portions  taken 
from  piles  in  the  jetties  at  Biachuelo,  which  were  built  in 
1874,  the  timber  being  consequently,  at  the  time  of  the 
tests,  about  twenty-four  years  old. 

For  street-paving  these  woods,  which  are  undoubtedly 
very  hard  and  durable,  are  said  by  some  to  be  superior  to 
jarrah,  and  they  are  largely  used  in  the  chief  cities  of 

*  Xa  In^mUria,  1898,  p.  177. 
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South  America  for  that  purpose,  where  their  use  is 
attended  with  excellent  results.  The  present  cost  of  these 
woods,  however,  renders  their  employment  for  paving  pro- 
hibitive in  this  country.  This  will  be  recognised  when  it 
is  mentioned  that  they  can  only  be  delivered  here  at 
£13  10«.  per  1,000,  to  which  all  charges  and  commissions 
have  to  be  added,  whilst  Australian  hard- wood  blocks  can 
be  delivered  at  the  spot  where  they  are  to  be  laid  down, 
and  inclusive  of  all  charges,  at  £10  per  1,000. 

Excavation  of  Roadway  for  Foundation, — When  laying 
wood  pavement  (as  with  all  other  types  of  paving),  the  first 
operation  in  the  case  of  macadam  roads  is  the  excavation 
of  the  roadway  to  a  suitable  depth.  Various  means  have 
been  suggested  from  time  to  time  for  expediting  this 
operation,  amongst  others,  the  use  of  explosive  mixtures ; 
a  suggestion  which,  for  obvious  reasons,  has  never  been 
put  into  practice.  The  method  usually  adoptad  is  to  drive 
steel  wedges — ^through  the  layer  of  consolidated  stones — 
at  a  few  feet  apart,  and  to  prize  up  the  pieces  of  the  road 
surface  thus  started  with  powerful  hand-levers  about 
8  feet  long ;  these  masses  of  a  yard  or  so  square  being  then 
broken  up  or  disintegrated  by  means  of  picks.  In  this 
manner  about  9  inches  of  macadam  is  usually  removed, 
after  which  another  6  inches  or  so  is  excavated  for  founda- 
tion. When  the  wood  pavement  is  to  be  laid  in  situations 
where  the  carriage-way  is  already  paved  with  granite  setts 
upon  a  concrete  foundation,  it  is,  frequently  imnecessary  to 
break  up  the  old  concrete  as,  by  the  addition  of  a  couple  of 
inches  or  so  of  new  concrete  and  floating  the  surface,  a 
sufliciently  good  foundation  can  be  obtained. 

Level  and  Contour  of  Road, — The  determination  of  the 
level  and  contour  is  sometimes  a  matter  of  some  difficulty 
in  oases  where  the  width  of  the  street  is  irregular  and  the 
footpaths  on  either  side  are  of  considerably  varying  levels. 
When,  however,  the  inclination  of  the  roadway  in  a  longi- 
tudinal direction  is  but  slight,  with  a  uniform  width,  and 
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footpaths  almost  corresponding 
in  level,  a  rule  devised  by  Mr. 
G.  H.  Stayton*  can  be  advan- 
tageously employed,  viz.,  First 
determine  the  level  of  the  crown 
or  vertex  of  the  carriage-way  to 
be  paved,  next  set  out  the  levels 
of  the  channels,  by  allowing  a 
rise  to  the  crown  equivalent  to 
1  inch  in  3  feet  ( sV)  above  the 
mean  channel  level.  By  slightly 
flattening  the  crown  as  shown 
in  Fig.  61,  it  will  be  observed 
that  a  contour  is  obtained  which 
not  only  renders  traffic  easy,  but 
is  of  pleasing  appearance,  and 
satisfactory    in    other     points. 
Figs.   62  and  63  represent  re- 
spectively a  cross  section  at  49, 
Sloane  Street,  and  at  18,  Qreat 
George     Street,     Westminster, 
which  were  given  by  Mr.  Cul- 
verwellf   as  being  typical  sec- 
tions, and  very  carefully  taken. 
The  east  and  south  ends  respec- 
tively were  at  gullies,  whilst  the 
west     and     north    ends    were 
midway  between   gullies,    both 
streets  being  level. 

Inclination  of  Channels, — 
Whenever  practicable,  says  the 
same  authority,  the  longitudi- 
nal   inclinations   of   the    chan- 

*  Proceeding*  of  the  Imiitutum  of  Civil 
Engineer 9 f  1884,  vol.  Ixxyii.,  p.  244, 
t  Ihid.f  vol.  bLxyiii.^  p.  300, 
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nels  should  not  exceed  1  in  150,  and  it  is  desirable  that 
the  n^iTiimiiTn  depth  of  curb  exposed  at  the  summit  of  a 
channel  should  be  2i  inches,  with  a  maximum  depth  of 
6^  inches  at  a  gully.  The  observance  of  this  rule  in  a 
tolerably  level  street  renders  the  provision  of  street  gullies 
a  matter  of  considerable  importance,  but  the  extra  cost  of 
their  construction,  which  is  about  4  per  cent,  on  the  gross 
outlay,  will  be  amply  repaid  by  the  convenient  and  uniform 
appearance  of  the  carriage-way,  and  by  the  prompt  and 
effectual  removal  of  rain-water  from  the  surface  of  the 
pavement.  The  longitudinal  crown  level  should  be 
uniformly  sustained  from  street  to  street  whenever  prac- 
ticable, so  as  to  prevent  imdulations,  and  it  is  likewise 
important  that  the  crown  should  be  extended  transversely 
at  all  the  intersections,  both  for  the  sake  of  appearance, 
and  also,  which  is  of  greater  importance,  to  obviate  the 
unpleasant  effect  of  driving  over  a  channel. 

Foundations, — With  reference  to  the  necessary  founda- 
tion, Mr.  Stayton  considers  Portland  cement  concrete  to  be 
the  best,  as  if  properly  prepared  it  is  absolutely  impervious, 
and  experience  has  amply  demonstrated  that  a  sound, 
solid  foundation  is  essential  for  a  first-class  pavement. 
The  strength  of  the  concrete  actually  used  has  varied  from 
5  to  7  parts  of  Thames  ballast  to  1  part  of  Portland  cement, 
and  especial  care  should  be  taken  to  employ  only  the  best 
qualities  of  the  latter.  At  Chelsea  the  exact  proportions 
used  were  5  J  of  ballast  to  1  of  cement,  and  the  ground 
having  been  carefully  bottomed  up,  regulated,  punned, 
and,  when  necessary,  watered,  small  ridges  of  concrete, 
which  are  technically  known  as  *'  screeds,"  were  formed  to 
the  required  level  and  contour.  The  ballast  and  cement 
for  the  concrete  was  next  measured  out  and  mixed  upon  a 
platform,  and  twice  turned  over  dry,  water  being  sub- 
sequently added  by  means  of  a  small  hose  attached  to  a 
standpipe.  Just  sufficient  water  was  used  to  obtain  a  fair 
consistency,  and  as  soon  as  the  materials  were  well  in* 
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corporated  tlie  concrete  was  either  wheeled  or  thrown  into 
place,  to  a  minimum  depth  of  6  inches.  To  obtain  a 
perfectly  smooth  and  uniform  surface,  the  concrete  was 
floated  and  ''ruled"  transversely  to  the  required  contour 
by  means  of  a  curved  rule,  and  in  four  or  Ave  days  it 
became  sufficiently  hard  and  ready  to  receive  the  wood 
blocks. 

The  method  of  laying  the  wood  blocks,  jointing,  and 
completing  employed  by  Mr.  Stayton  was  substantially 
similar  to  that  usually  now  employed,  except  as  regards 
the  width  of  the  joints  and  the  material  used  for  grouting, 
and  consisted  in  laying  the  blocks,  which  were  3  inches  by 
9  inches  by  6  inches,  upon  the  concrete  in  their  natural 
'  state  with  the  fibres  vertical,  and  with  intervening  spaces 
i-inch  wide,  which  were  filled  with  cement  grouting.  Two 
longitudinal  courses  of  blocks  were  laid  next  to  the  kerbs 
to  form  channels,  and  the  filling  in  was  formed  of  straight 
courses  transversely,  the  ends  of  the  blocks  being  in 
contact.  At  the  intersections  of  the  streets  the  courses 
were  laid  V-shape  (see  ante,  Fig.  60).  The  grouting  was 
composed  of  3  parts  of  Thames  sand  to  1  part  of  Portland 
cement,  the  materials  being  measured  in  boxes  and  mixed 
to  the  proper  consistency  in  a  large  movable  grout  truck, 
from  which  it  was  swept  out  on  to  the  surface  of  the 
wood,  and  swept  backwards  and  forwards  imtil  every  joint 
was  properly  filled.  Before  allowing  vehicular  traffic  to 
pass  over  new  work,  it  is  considered  by  Mr.  Stayton  to  be 
desirable  to  **  top  dress"  the  surface  of  the  wood  with  a 
fine  gritty  material,  such  as  small  stones,  usually  in  London 
screened  Thames  ballast.  This  is  left  to  be  crushed  and 
ground  into  the  fibres  of  the  wood  by  the  traffic  until  it  has 
ceased  to  be  gritty.  All  traffic  should,  if  possible,  be 
excluded  from  new  pavement  for  at  least  a  week. 

Superiority  of  Hard  Woods  for  Paving  Purposes* — Before 
concluding  this  chapter  and  proceeding  to  a  description  of 
some  of  the  various  other  types  of  wood  paving  in  use,  it 
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may  be  observed  that  experience  has  now  amply  demon- 
strated the  superiority  of  hard  woods  for  paying  purposes, 
and  the  fact  that  pavement  composed  of  soft-wood  blocks 
is  both  unsanitary  and  expensive,  and,  as  the  surveyor  for 
Lambeth  some  years  back  very  truly  remarked,  it  is  a 
wicked  waste  of  public  money  to  pave  a  line  of  heavy 
traffic  with  soft  wood.    There  can  be  no  doubt,  therefore, 
that  there  must  be  a  discontinuance  of  the  use  of  soft 
wood  for  paving  in  the  future,  except,  perhaps,  for  some 
streets  where  the  traffic  is  very  light  and  where  there  is 
particularly  free  access  of  sun  and  air,  and  even  in  such 
a  position  the  blocks  should  be  subjected  to  some  preserva- 
tive treatment  and  not  laid  in  their  natural  state.    By 
subjecting  the  blocks  to  creosoting  or  other  preservative 
process,  it  is  true  their  ability  to  resist  wear  cannot  be 
appreciably  increased,   but  the  blocks  can  be  rendered 
practically  non-absorbent  and  thus  protected  against  the 
effects  of  moisture,  and  the  life  of  the  pavement  thereby 
prolonged,  whilst  at  the    same    time  there  is  also  the 
advantage  that  such  a  pavement  is  far  more  sanitary 
than  is  the  case  with  the  wood  in  its  natural  condition. 


OHAPTEE  Xm. 

CAREY'S  WOOD  PAVEMENT. 

Cabby's  pavement,  already  described,  page  17,  was  the 
first  durable  pavement  that  was  laid  in  the  City.  In  July, 
1841,  this  pavement,  of  pine  blocks,  was  laid  in  Mincing 
Lane,  and  in  October  and  November,  1842,  it  was  laid 
in  Qracechurch  Street,  covering  an  area  of  1,623  square 
yards.  The  blocks  were  from  6^^  to  7j  inches  wide,  13  to 
15  inches  long,  9  inches  deep  for  Mincing  Lane,  and 
8  inches  deep  for  Gracechurch  Street.  The  foundation 
consisted  of  a  layer  of  Thames  ballast. 

The  cost  for  the  wood  pavement  of  Gracechurch  Street, 
including  a  foundation  of  ballast,  but  not  excavation,  was 
14«.  2d,  per  square  yard.  In  1844,  two  years  after  the 
pavement  was  laid,  it  was  "much  worn,"  and  there  were 
"  several  short  holes  in  various  places."  It  had  been  for 
a  considerable  time  in  a  bad  condition,  when  it  was  relaid 
in  September,  1847,  five  years  after  it  was  laid ;  and  a 
portion  was  relaid  a  second  time  in  1850,  whilst  ordinary 
repairs  were  made  when  required.  In  1853,  the  paving 
was  worn  out,  having  been  down  1 1  years,  and  it  was  re- 
placed with  new  paving  of  the  same  kind,  at  a  cost  of 
12«.  8d,  per  square  yard.  Thje  second  pavement  was  relaid 
in  1857,  four  years  after  it  was  laid,  and  again  in  1861 ;  and 
in  June,  1866,  it  was  removed,  having  been  down  for 
11  years  and  7  months.  The  costs  of  laying  and  main- 
taining the  two  successive  pavements  were  as  follows  • — 
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Table  No.  31. — City  op  London:— Cost  of  Cabby's  "Wood  Pavb- 
UENT  IN  Gkacecuurch  Street,  1842  to  1865. 


Costs. 

Ist  Pavement ; 
duratioii  11  years. 

2nd  Pavement; 
duralion  116  years. 

1 

BothPave- 

meuts; 

duration 

22*6  years. 

per  square 
yard. 

per 

square 

yardper 

year. 

per  square 
yard. 

per 

square 

yardper 

year. 

per  square 

yard  per 

year. 

First  cost,  including^ 
a     foundation      of  > 
ballad     .        .        .J 

Belays  and  repairs 

Total  expenditure 
Deduct  value  as  old) 
material  .        •        .  j 

r 

Net  total  cost 

Add,  cost  for  gravelling 

8.     d. 

14     2 

4     0 

8.  d. 
1     3i 
0    4J 

8.     d. 
12    8 
17     li 

8.    d. 
1     1 

1     6| 

8.     d. 
1    2i 
0  11^ 

18     2 
1    0 

1    8 
0     1 

29     9} 
1     0 

2    6| 

0   i 

2    IJ 
0    1 

17    2 

•  • 

1    7 

•  • 

28     9J 

a  • 

2    6f 

•  • 

2    01 
0    ij 

Total  cost  of  the  pavemc 

3nt  for  22-6  years,  1842-65     .        .22 

The  foregoing  statement  exldbits  the  cost  for  two  eom- 
pletelynewwood  pavements  laid  and  worn  outinGraeechurch 
Street.  They  were  succeeded  by  a  third  new  pavement, 
on  the  same  system,  costing  11«.  %d.  per  square  yard,  laid 
in  1865.  This  was  taken  up,  half  worn,  in  1871,  having 
been  laid  down  6  years ;  and  replaced  by  asphalte.  The 
cost  for  maintenance  during  that  time  was  6«.  \\d,  per 
square  yard,  or  \s.  Ife?.  per  square  yard  per  year.  The 
cost  for  maintenance  appears  to  have  been  a  very  variable 
item  of  expenditure.  The  costs  for  the  three  successive 
pavements  are  here  brought  together  for  comparison : — 


Cabbt's  Wood  Pavbuxvt. 
Gracechurdi  Street. 

Ist  pavement         • 

2nd  ditto   .            •            • 

3rd  ditto    . 

Duration, 
years. 

11 
IIG 
6 

Cost  for  main- 
tenance per  square 
yard  per  year. 

8.     d. 

0  4i 

1  6f 
1     IJ 

Totals 


28-6 


0  llf 
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The  fluctuations  of  cost  may  not  be  readily  accounted 
for  ;  but  it  is  clear  that  the  generally  increased  traffic  was 
one  cause  of  the  greater  expenditure  on  the  second  and 
third  pavements.  The  general  total  cost  for  maintenance 
may  be  taken  at  1*.  per  square  yard  per  year. 

Carey's  pavement  was  laid  in  Mincing  Lane  in  July, 
1841,  and  was  taken  up  and  replaced  by  pavement  of  the  same 
kind,  9  inches  deep,  in  August,  1860,  having  been  down  19 
years  and  1  month.  This  was  the  oldest  wood  pavement  then 
in  existence  in  the  Metropolis.  During  that  period  it  was 
turned  and  relaid,  and  again  relaid,  the  tops  of  the  blocks 
having  been  cut  off;  and  it  was  at  other  times  exten- 
sively repaired.  There  is  no  other  instance  in  this 
country  of  so  long  a  duration  in  a  wood  pavement  in  a 
public  thoroughfare.  The  second  pavement,  though  not 
worn  out,  was  taken  up  in  August,  1873,  to  be  replaced 
by  asphalte.  The  following  table.  No.  32,  shows  the  first 
costs  and  the  costs  for  maintenance  of  Carey's  wood 
pavement  in  Mincing  Lane : — 


Table  No.  32. — City  op  London  : — Cabby's  "Wood  Pavement  in 

MiNciNO  Lane,  1841—1873. 


1 

Costi. 

1st  Pavement : 
duration  19*1  yean. 

2nd  Pavement : 
duration  18  years. 

BothPave- 

ments ; 

duration 

S2'l  years. 

per  square 
yard. 

per  square 

yard  per 

year. 

per  square 
yard. 

per  square 

yard  per 

year. 

per  square 

yard  per 

year. 

First  cost     . 
Kelays  and  repairs 

Total  expenditure 
Deduct  value  as 
old  material    . 

Net  total  cost 

B.     d. 

14     4 
13     4 

s.    d. 

0     9 
0     8-4 

1 

B.     d. 

9     2 

22     6J 

8.      d 

0  8J 

1  8} 

s.     d. 

0  8} 

1  ij 

27     8 
1     0 

1     6-4 
0    0-6 

31     8J 
1     0 

2     6i 
0     1 

1  lOJ 
0     0} 

26    8 

1     4J 

30     8J 

2     4J 

1     Oi  1 
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In  Mincing  Lane,  fts  in  Gb*acecliiirch  Street,  the  cost 
for  maintenance  of  the  second  pavement  was  much  greater 
than  that  of  the  first  pavement,  and  for  the  same  reason ; 
thus  :-^ 


Ga&st*8  Wood  Fateickxt. 
Siincing  Lane. 

Ist  payement 
2nd  ditto  •  • 

Totals    . 


Duratioii* 
Years. 

191 
13 

321 


Cost  for  main- 
tenance per  square 
yard  per  year. 
8.     a. 

0  8*4 

1  8| 


I     li 


The  two  series  of  Carey-pavements,  in  Gracechurch 
Street  and  Mincing  Lane,  have  supplied  valuable  expe- 
rience of  wood  paving,  and  they  have,  therefore,  been 
treated  here  somewhat  in  detail.  The  following  table, 
No.  33,  is  given  by  Colonel  Haywood,  comprising  the 
general  results  of  the  duration  and  cost  of  Carey's  pave- 
ments in  the  City  : — 


Table  No.  33.--Oarey*8  Wood  Pavements  ts  the  City  op  Londov, 
CONSISTING  op  Larob  Blocks  : — Duration  and  Cost. 


Stbikt. 

Date  when 
laid  new. 

Duration. 

First  cost 

per  square 

yai'd. 

CoBtfor 

repairs 

per  square 

yanL. 

Total 
average 
costier 

square 
yardpOiT 

year. 

Large  Thafpic. 
Cornhill ,        .  | 

May,  1855 
July,  1865 

Yrs.  Mon. 
10     2 
6     8 

B.     d. 
12     2 
11     6 

B.     d. 
17     4J 
8     91 

B.     d. 

2  11 

3  Oi 

Gracechurcli     ) 
Street .         / 

Nov.  1853 
June,  1865 

U    7 
6     0 

12     8 
11     6 

17    li 
6  11 

2  6| 

3  Of 

Lombard           \ 
Street .        .  / 

May,  1851 
Sop.  1860 

9     4 
10     7 

9     6 
9     2 

6     0 
20     2 

1  7} 

2  9 
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Table  No.  ZZ^-continued, 


Btbretb. 


Small  Traffic. 
Lothbury        .  | 

Mincing  Lane  X 

Bartholomew    \ 
Lane  .        . j 


Cost  for 

Total 

First  cost 

repairs 

average 

Pate  when 

Durauon. 

per  square 

per  square 

cost  per 

laid  new. 

ywd. 

yard. 

square 

yard  per 

year. 

Yrs.  lion. 

8.     d. 

B.    d. 

8.    d. 

May,  1854 

12 

3 

12     6 

28     4} 

3     4 

Aug.  1866 

6 

1 

12     6 

3     5| 

2     7J 

July,  1841 

19 

1 

14     4 

13     4 

1     5^ 

Aug.  1860 

13 

0 

9     2 

22     6| 

2    b\ 

May,  1854 

12 

3 

12    6 

17     5} 
3  ll| 

2    51 

Aug.  1866 

5 

5 

12    6 

3     Oi 

Cost  for  Foundations  included,  but  no  Excavation.  No  deduction 
Is  made  for  the  value  of  old  material. 

All  the  second  wood  pavements  referred  to  in  this  table 
were  removed  before  they  were  worn  out,  and  replaced 
with  asphalte,  except  the  last.  Nearly  all  of  them  would, 
by  relay,  with  the  insertion  of  some  new  wood,  have  en- 
dured a  few  years  longer.  Taking  all  the  pavements 
together,  the  following  averages  are  deduced : — 


Averages  for 
Carey's  Pavement. 

Streets  of  large  traffic     . 
Streets  of  small  traffic     . 

Total  averages  . 


Duration  of 

Pavements. 

Years. 

9-05 

11-33 

10-19 


Total  cost 
per  square  yard 
per  year. 

2s.  7id. 

2s.  4}d. 


2s.  6d. 


It  may  be  added  that  Carey's  paving  in  Bartholomew 
Lane  has  recently  (February,  1877)  been  extensively  re- 
newed. It  was  newly  laid  in  August,  1866,  and  the 
original  paving,  in  its  entirety,  has  thus  lasted  lOi^  years. 

As  just  now  mentioned,  Carey's  recent  wood  pavement 
consists  of  wood  blocks,  4  inches  wide,  and  5  inches  or 
6  inches  deep,  according  to  the  traffic  of  the  street,  and 
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9  inclies  long.  The  ends  only  of  the  blocks  are  formed 
on  Mr.  Carey's  original  model,  Fig.  11,  with  double- 
bevelled  surfaces,  salient  and  re-entering  to  the  extent 
of  5-16  or  i  inch,  which  come  together  for  the  purpose 
of  preventing  the  shifting  of  the  blocks,  and  of  distribut- 
ing the  pressure  on  one  block  over  the  contiguous  blocks. 
The  paving  is  placed  on  a  bed  of  ballast  or  sand,  2  inches 
deep,  laid  on  the  old  bed  of  the  street ;  and  the  joints, 
f  inch  wide,  are  grouted  with  lime  and  sand.  It  is 
needless  to  remark  that  this  pavement  can  only  endure 
when  it  is  laid  on  a  previously  existing  foundation;  other- 
wise, if  laid  with  2  inches  of  sand  on  a  loose  excavated 
bottom,  it  cannot  be  durable. 


CHAPTER  XIV. 

IMPROVED   WOOD   PAVEMENT. 

This  pavoment  was  introduced  from  tke  United  States, 
where  it  has  been  known  as  the  Nicolson  pavement.  It 
has  already  been  noticed,  page  14.  The  first  piece  was 
laid,  in  1871,  in  the  City  of  London;  but  the  practice  of 
the  proprietors  of  this  pavement  has,  since  that  time,  been 
considerably  modified.  Their  practice  has  been,  after 
excavating  to  the  profile  and  section  of  the  street,  to  lay  a 
bed  of  sand,  fine  mortar  stuff,  or  dry  earth,  4  inches  deep, 
on  the  bottom.  On  this  bed,  two  layers  of  1-inch  deal 
boards,  previously  dipped  in  boiling  tar,  were  close-laid 
transversely  and  longitudinally.  On  these  boards,  wood 
blocks,  3  inches  wide,  6  inches  deep,  and  9  inches  long, 
also  dipped  in  tar,  were  placed  in  transverse  courses,  the 
heading  joints  abutting,  whilst  the  courses  were  inter- 
spaced by  J-inch  fillets  of  wood  nailed  to  the  floor,  and 
through  the  blocks.  The  J-inch  joints  were  made  tight 
by  a  boiling  mixture  of  tar  and  pitch  poured  into  the 
spaces  to  a  depth  of  an  inch  or  two.  The  spaces  were 
then  filled  up  with  dry  ballast,  which  was  rammed  down 
by  means  of  a  flat  caulking  iron  made  for  the  purpose ; 
and  filled  up  with  the  tar  mixture.  The  surface  was 
then  strewed  lightly  with  small  gravel,  over  which  boil- 
ing tar  was  scattered  from  a  pail  fitted  with  a  flat- 
nozzled  spout.  Finally  a  sprinkling  of  sand  was  thrown 
orer  the  surface.  The  gravel  and  tar  coating  was  worked 
into  the  surface  by  the  wheels  of  traffic.     Spaces,  i  inch 
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wide,  were  left  between  tlie  heads  of  the  blocks  in  each 
course,  and  grouted. 

The  tar  and  pitch  mixture,  in  the  proportion  of  30 
gallons  of  tar  and  4  cwt.  of  pitch,  were  boiled  together 
in  an  iron  kettle,  for  at  least  four  hours,  until  they  ac- 
quii'ed  such  a  consistency  that,  when  cold,  the  compound 
should  become  elastic  and  tough.  "When  not  sufficiently 
boiled,  the  mixture  became  brittle  when  it  cooled,  and 
was  broken  up  by  wheels  and  feet.  The  object  of  the 
elastic  binding  was  ^to  form  a  surface  which  should  con- 
tinue water-tight,  as  had  long  been  effected  by  the  same 
means  in  the  granite  pavements  of  Manchester. 

The  principal  advantage  claimed  for  this  system  was, 
that  the  flooring  of  planks  formed  an  elastic  foundation, 
and  distributed  the  weight  applied  on  one  block  over  a 
large  surface,  whilst  the  additional  elastic  action  mini- 
mised the  wear  of  the  blocks.      There  was  an  inconsis- 
tency in  the  principle  of  the  construction,  for  it  was 
presumed  that  the  bed  of  sand  would  solidly  support  the 
flooring,  at  the  same  time  that  the  flooring  was  expected  to 
yield  elasticaUy  under  pressure.     Again,  so  soon  as  leak- 
age, even  to  the  slightest  extent,  commenced,  by  which 
surface-water  was  allowed  to   penetrate  downwards  be- 
tween the  paving  blocks,  there  was  nothing  to  prevent  its 
reaching  to  and  saturating  the  substratum  of  sand;  since 
the  boards,  altliougli  close-laid,  were  not  tongued,  and  the 
water  could  pass  through  them  with  comparative  freedom. 
The  saturated  substratum  became  mobile,  and  subject  to 
movement  under  variations  of  pressure.     Consequently, 
when  a  load  passed  over  the  surface,  the  boards,  opposing 
an  inconsiderable  resistance  to  deflection,  were  pressed 
downwards  by  the  load,  into  the  quicksand,  and  they  re- 
covered their  normal  position  when  the  load  passed  away. 
In  this  manner,  a  pumping  action  was  set  up,  and  the  sand 
and  water,  mixed  with  other  loose  matter  at  the  bottom. 
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was  pumped  up  to  the  surface  in  the  form  of  mud  and 
slime.  Thus  the  pavement  became  gradually  undermined, 
and  the  undermining  process  was  accelerated  by  the  form 
of  the  pavement  itself,  which  presented  a  continuous  dia- 
phragm under  which  the  exhausting  process  was  extended, 
as  by  a  diaphragm-pump.  It  is  scarcely  necessary  to  add, 
that  the  wetter  the  weather,  the  greater  was  the  action  of 
undermining. 

But,  in  addition  to  the  general  liability  to  leakage  of 
water  through  the  pavement,  there  is  a  special  difficulty 
in  keeping  it  watertight  at  the  kerbs,  where  it  is  compara- 
tively overhung  and  unsupported,  and  where  there  is,  at 
the  same  time,  a  constant  supply  of  water  for  penetration, 
so  long  as  there  is  any  water  in  the  channels. 

A  serious  consequence  of  the  flexibility  of  the  pavement 
is  the  nimierous  breakages  of  the  blocks  by  splitting,  caused 
by  the  unequal  stress  and  leverage  of  the  load  on  blocks 
which  are  supported  by  a  floor  pEirtly  non-resisting  and 
parfly  resisting. 

A  small  sample  of  the  Improved  Wood  Pavement,  468 
square  yards,  was  laid  in  Bartholomew  Lane,  in  the  City 
of  London,  in  December,  1871.  This  is  a  short  street  of 
very  little  and  light  traffic.  This  pavement,  which  was  the 
first  of  its  kind  laid  in  London,  continues  now  (1877)  in 
fair  condition,  but  many  of  the  joints  are  open. 

The  enduring  power  of  the  pavement  has  also  boon 
tested  in  thoroughfares  of  heavy  traffic.  In  August,  1872, 
and  January,  1873,  an  area  of  6,066  square  yards  was  laid, 
with  4-inch  blocks,  in  King  William  Street  and  Adelaide 
Place,  on  the  approach  to  London  Bridge,  from  the  Statue. 
In  the  course  of  the  following  three  years,  the  foundation 
was  rather  extensively  undermined,  by  the  causes  which 
have  already  been  described, — particularly  near  the  kerb 
on  one  side ; — so  much  so  as  to  cause  the  pavement  to  be 
Reflected  in  many  places  to  the  extent  of  an  inch  under 
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the  wheels  of  passing  vehicles,  whilst  the  mud  was  seen 
bubbling  up  from  below.  The  pavement  was  lifted  about 
the  month  of  January,  1876;  and  it  was  found  that  the 
substratum  of  sand  had  been  partially  washed  away,  and 
that,  in  the  lines  of  regular  trafiB.e,  the  blocks  had  lost 
about  {  inch  in  height,  on  an  average,  by  vertical  wear. 
The  pavement  was  renewed  on  the  same  system. 

The  Improved  Wood  Pavement  which  was  laid,  in 
November,  1874,  in  Bishopsgate  Street  Without,  in  the  City 
of  London,  is  a  more  recent  instance  of  the  undermining 
influences  set  up  under  the  action  of  heavy  traffic,  brought 
to  a  head  during  the  past  winter  (1876-77),  which  has 
been  a  season  of  unusually  heavy  and  continuous  rain. 
The  pavement,  though  it  had  not  (in  February,  1877)  been 
down  2  J  years,  had  already  been  extensively  imdermined, 
and  it  was  observed  to  be  subject  to  deflection  to  the 
extent  of  half  an  inch,  at  some  places,  under  passing 
wheels.  At  the  same  time,  the  collateral  symptom  of  mud 
working  up  through  the  joints,  became  manifest. 

The  obvious  remedy  for  the  pumping  action  through  the 
pavement  is  to  lay  a  rigid  foundation  under  the  pave- 
ment. The  flooring,  to  be  stiff  enough,  would  require  to 
be  constructed  of  two  layers  of  3 -inch  battens.  But  a 
less  costly  method  of  providing  rigidity  was  adopted  in 
the  construction  of  the  new  pavement  laid  to  replace 
the  defective  pavement  above  referred  to,  which  has 
been  taken  up.  There  is  a  thin  bed  of  concrete,  upon 
which  a  single  layer  of  1-inch  boards  is  laid,  and  the 
blocks.  Si  inches  wide,  are  laid,  as  before,  upon  the  board- 
ing. The  joints  between  the  courses  of  the  blocks  are 
only  tV  inch  wide ;  they  are  filled  for  half  the  depth  with 
an  artificial  asphalte,  consisting  of  chalk,  pitch,  and  coal- 
tar,  boiled  together,  and  are  filled  to  the  top  with  a  grout 
lug  of  gravel  and  blue  lias  lime.  It  may  be  added  that,  for 
a  width  of  1 8  inches  at  each  eido  of  the  roadway,  at  the 
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channols,  the  boards  are  not  laid,  but  their  place  is  occu- 
pied by  an  additional  depth  of  concrete,  to  afford  a  rigid 
support,  so  as  to  resist  deflection,  and  the  entrance  of 
water  at  the  edges. 

The  carriage-way  of  Ludgate  Hill  was  paved  on  the 
original  system  of  the  Improved  Wood  Company  in 
November,  1873.  The  pavement  has  been  worn  into 
bumps  and  hollows,  and  is  about  to  be  entirely  renewed. 
It  has  been  proposed  to  renew  the  pavement  by  laying 
the  wood  blocks  on  a  foundation  of  concrete  6  inches  thick, 
with  a  2-inch  bed  of  sand  intervening. 


B 


CHAPTER  XV. 

HARD-WOOD  PAVEMENTS. 

Size  of  Blocks. — The  size  of  hard- wood  paying  blocks  as 
now  commonly  used  is  fundamentally  based  upon  the 
dimension  of  the  ordinary  brick  used  for  building  purposes, 
viz.,  9  inches  by  3  inches  by  4i  inches.  This,  it  will  be 
seen,  is  an  integer  of  roadways,  whether  laid  transyersely 
or  across  the  roadway,  or  longitudinally  as  in  channels, 
fitting  equally  well  in  either  its  length  or  breadth.  The 
extra  depth  given  to  the  soft  deal  blocks  is  for  the  purpose 
of  making  up  for  the  severity  of  wear  of  the  latter  as  com- 
pared with  hard-wood  blocks.  The  depth  of  hard-wood 
blocks  is  frequently  increased  by  half  an  inch  and  made 
9  inches  by  3  inches  by  5  inches.  This  extra  half  inch 
does  not  add  to  the  expense  of  cutting,  whilst  it  is  estimated 
in  the  case  of  jarrah  blocks,  for  instance,  to  add  some  four 
years  to  the  life  of  the  block.  No  doubt  it  is  true  that 
with  a  block  of  4  inches  depth  20  per  cent,  of  material  is 
saved,  but  this  saving  is,  it  will  be  seen,  according  to  the 
above,  secured  at  the  expense  of  eight  years  off  the  life  of 
the  road,  and  will  thus  add  correspondingly  to  the  fre- 
quency of  renewal,  whilst  the  cost  of  laying  blocks 
4^  inches  depth  is  absolutely  the  same  as  it  is  for  laying 
those  5  inches  depth.  The  result  is  that,  with  the  former 
2  inches  of  residual  old  material  is  thrown  away  at  the 
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termination  of  16  years,  instead  of  at  the  end  of  24  years 
with  the  latter. 

Jointing, — As  regards  the  jointing,  the  closer  this  is  made 
the  more  eyen  will  be  the  surface  of  the  pavement,  and  as 
a  natural  consequence  the  easier  it  will  be  to  maintain  pro- 
perly cleansed  and  in  a  fit  sanitary  condition.  If  the 
blocks  are  evenly  and  truly  cut  and  laid,  with  close  joints, 
a  pavement  can  be  formed  which  it  is  claimed  will  be 
almost  impervious,  whilst  at  the  same  time  much  of  the 
danger  to  horses  which  asphalte  pavement  presents  is 
avoided.  The  best  practice  for  comparatively  level  streets 
is,  perhaps,  very  close  jointing  with  a  composition  of  pitch 
and  creosote  oil.  In  some  cases,  however,  actual  butt- 
jointing  of  the  natural  wood  has  been  adopted  with  great 
success. 

Some  interesting  particulars  are  given  by  Mr.  Walter 
Alexander  Smith,  M.I.O.E.,*  in  a  paper  read  before  the 
Institution  of  Civil  Engineers,  concerning  hard-wood 
paving  laid  down  by  the  Government  in  Sydney  under  his 
supervision. 

The  work  in  question  was  carried  out  in  two  new  streets, 
viz.,  Martin  Place  and  Queen  Street,  and,  as  the  roadway 
in  the  former  place  is  almost  level,  it  was  decided  to  adopt 
the  close-joint  system.  The  following  is  Mr.  Smith's 
description  of  the  plan  adopted :  '*  The  roadway  is  100  feet 
wide,  giving  64  feet  for  vehicular  traffic,  with  two  footways 
of  18  feet  in  width  each.  It  is  constructed  on  made  ground 
supported  on  the  north  side  by  a  brick  retaining-wall 
18  feet  high.  Tho  space  between  this  wall  and  the 
building-frontage  will  be  divided  by  the  erection  of 
another  wall  to  be  built  parallel  to  the  retaining  wall  and 
about  4  feet  distant  from  it.  The  space  between  the  two 
walls  is  to  be  utilized  in  the  laying  of  cables,  water  and 

*  Proeeedingt  of  the  Institution  of  Civil  Engineers,  1893-4,  vol.  cxvi., 
t>,  263. 
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gas-mains,  &c.,  while  the  remaining  13  feet  is  to  be  so 
arranged  as  to  give  light  and  access  to  the  basements  of 
houses  yet  to  be  built. 

**  Foundation, — As  a  foundation  for  the  pavement,  concrete 
was  laid  9  inches  thick,  composed  of  5  parts  of  2i-inch 
basalt,  2  parts  of  clean  sharp  sand,  and  1  part  of  cement. 
The  top  was  then  floated  over  with  a  J-inch  rendering, 
composed  of  3  parts  of  sand  to  1  part  of  cement,  and  the 
entire  width  was  finished  at  a  convexity  of  3  inches.  On 
the  surface  thus  prepared,  paving  blocks  were  laid,  after 
having  been  dipped  twice  in  boiling  tar,  and  stacked  for 
two  days  to  allow  the  surplus  tar  to  drain  off.  The  timber 
used  was  tallow  wood  {Exicalyptm  microcorys)  and  red 
mahogany  {Eucalyptm  reainifera).  The  surface  was  then 
tarred  and  sanded,  and  before  the  traffic  was  turned  on  to 
the  road,  a  thin  coating  of  basalt  screenings  from  the  stone- 
crusher  was  spread  over  it,  affording  an  excellent  foot-hold 
for  horses.  The  curb-stones  were  12-inch  by  16-inch  blocks 
of  trachyte,  while  between  the  curbs  and  the  gutter-courses 
on  each  side,  1-inch  and  ^-inch  expansion  joints  were  left 
and  filled  with  '  mastic' 

**  Queen  Street  traverses  land  recently  resumed  by  the 
Government  under  the  Tramway  Extension  Act  of  1880. 
Its  construction  necessitated  the  removal  of  a  large  amount 
of  rubbish  and  of  buildings,  the  latter  including  tho 
Oriental  Hotel.  It  is  built  on  gradients  of  1  in  22,  and 
1  in  24,  and  has  a  total  width  of  130  feet  divided  into 
a  road  of  100  feet  with  two  footways  of  15  feet  each.  The 
concrete  foundation,  curbs  and  expansion-joints  were  con- 
structed from  a  specification  similar  to  that  under  which 
Martin  Place  was  laid.  The  blocks,  which  consisted  of 
turpentine  {Syncarpia  lauri/olta),  red  mahogany,  blackbutt 
{Eucalyptus pilularis),  and  tallow  wood,  were  also  treated  in 
a  similar  manner  before  being  laid ;  but  owing  to  the  steep- 
ness of  the  gradients,  a  ^-inch  batten  joint  was  adopted 
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between  the  courses,  in  order  to  afford  a  better  foot-hold 
for  horses.  It  is  worthy  of  mention  that  while  the  above- 
mentioned  contracts  were  being  carried  out,  it  was  necessary 
to  remove  some  of  the  old  blocks  from  adjoining  streets  in 
order  to  make  proper  junctions  with  the  new  works ;  and, 
in  doing  so,  it  was  observed  that  the  effect  of  a  cement 
joint  on  the  timber  was  most  injurious,  while  a  bitu- 
minous joint  acted  as  a  preservative.  Two  cases  met  with 
are  deserving  of  special  attention : — 

''  {a)  At  one  end  of  Queen  Street  it  was  necessary  to 
remove  a  considerable  area  of  pavement  which  had  been 
laid  six  years,  in  which  a  cement  joint  had  been  adopted, 
the  width  of  joint  being  maintained  by  iron  studs  pro- 
jecting f-inch  from  the  face  of  the  blocks;  here  it  was 
found  that  dry-rot  had  set  in  wherever  the  wood  had  been 
in  contact  with  the  cement.  Different  kinds  of  timber  had 
been  used,  but  every  block  was  more  or  less  affected.  On 
this  being  observed,  other  portions  of  the  pavement  which 
had  been  similarly  constructed  were  examined,  but  all  were 
found  to  be  in  the  same  state.  A  microscopical  examina- 
tion of  the  timber  thus  affected  showed  no  signs  of  fungoid 
growth.  It  is  therefore  assumed  that  the  dry-rot  was  a 
decomposition  of  the  timber  brought  about  by  chemical 
action — such  as  combination  of  the  oxygen  in  the  cement 
with  the  carbon  in  the  wood,  forming  carbonic  acid  gas. 

*'  {b)  At  the  other  end  of  Queen  Street,  where  blocks  were 
removed  which  had  been  laid  eight  years,  in  which  the 
joints  had  been  caulked  with  a  mixture  of  tar,  pitch,  and 
basalt-screenings,  the  timber  was  found  to  be  in  a  perfect 
state  of  preservation ;  and  although  the  road  had  sustained 
a  daily  traffic  of  approximately  25,000  tons  for  eight  years, 
it  was  in  almost  as  good  a  state  as  when  first  laid.  The 
blocks,  which  were  originally  6  inches  deep,  made  a  perfect 
junction  with  the  new  ^-inch  blocks,  the  greatest  wear 
observable  in  the  old  blocks  after  eight  years'  service  being 
iVinch," 
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On  the  whole  there  does  not  seem  to  be  very  much  to 
choose  between  jarrah-wood  and  karri-wood ;  Mr.  Ednie 
Brown,  however,  is  of  the  opinion  that  the  latter  timber  is 
equal,  if  not  better,  than  the  former,  in  that  its  surface 
does  not  become  so  slippery  to  the  horses'  feet,  and  in  this 
he  is  confirmed  by  the  experience  of  the  consulting  engineer 
to  the  West  Australian  Government,  who  reports  that  for 
many  uses  karri  is  superior  to  jarrah  for  wood  paving- 
blocks,  owing  to  its  not  wearing  to  so  polished  a  surface  as 
jarrah  is  likely  to  do.  Karri  trees  grow  to  a  considerable 
size,  the  average  trees  being  about  200  feet  in  height  by 
about  4  feet  in  diameter  at  a  height  of  some  3  or  4  feet  from 
the  ground,  the  bole  being  free  from  branches  for  a  height 
of  from  130  to  150  feet.  In  its  nature  the  wood  is  hard, 
heavy  (Mr.  Norrington  found  during  the  course  of  some 
experiments  which  he  carried  out  that  karri  sinks  in  water), 
and  owing  to  the  grain  being  interlaced,  it  possesses  great 
elasticity  and  toughness,  and  is  of  enormous  strength,  as 
will  be  seen  from  the  following  table,  which  has  been 
drawn  up  by  Mr.  J.  P.  Norrington*: — 
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*  See   Proceeding    of  the    Association    of  Municipal  and    Gountt^ 
Engineer 8y  vol.  xix.,  p.  46. 


HARD-WOOD  PAVEMENTS.  247 

There  can  be  no  doubt  as  to  the  advantages  derived  from 
the  use  of  suitable  hard  woods  for  paving  purposes  as 
compared  with  soft  woods,  especiallj  on  roads  carrying 
very  heavy  traffic,  and  on  this  head  Mr.  Smith,   from 
whose  paper  on  Australian  Sard  Wood  for  Pavements  we 
have  already  largely  quoted,  referring  to  the  use  of  soft 
woods,   says*:    "During  a  period  of    twenty-one  years 
(which  may  be  taken  as  the  minimum  life  of  Australian 
blocks)  the  surface  of  the  road  has  to  be  renewed  three 
times;  and,  for  about  eighteen  months  previous  to  each 
renewal,  the  smooth  and  regular  surface  of  the  road  is 
practically  destroyed,  as  the  blocks  have  probably  worn 
down  in  some  cases  as  much  as  2^  inches.     Travelling 
over  such  a  road  is  noisy  and  unpleasant,  in  addition  to 
which  the  wear-and-tear  of   vehicles  and  horseflesh  is 
increased.    But  after  a  road  of  hard-wood  blocks  is  once 
laid  on  a  good  foundation  with  close  joints,  none  of  these 
inconveniences  are  experienced.      In    Sydney  there  are 
blocks  which  have  been  laid  thirteen  years  in  one  of  the 
busiest  streets  of  the  city,  which  are  to-day  in  a  perfect 
state  of  preservation,  having  only  worn  down  A-iuch ;  and, 
judging  from  their  present  condition,  there  appears  to  be 
no  reason  why  these  blocks  should  not  do  good  service  for 
another  ten  years.    Unfortunately,  much  of  the  pavement 
laid  previous  to  1883  had  a  foundation  of  only  6  inches  of 
concrete,  with  1-inch  joints  between  the  courses;  and  this 
has  resulted  in  the  foundations  giving  way,  and  the  smooth 
surface  of  the  pavement  being  destroyed.    Nevertheless, 
timber  blocks  in  these  older  sbreets,  although  worn  down 
unevenly,  and  much  distorted  owing  to  the  yielding  of  the 
foundations,  are,  in  every  case  which  has  come  under  the 
Author's  notice,  in  a  perfect  state  of  preservation.     It  is 
evident,  from  experience  gained  in  Sydney,  that  a  properly 

*  See  Procfedings,  Institution  of  Civil  Snyineers,  June,  1894,  vol.  cxvi., 
p.  266. 
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laid  hard-wood  payement  will  last  at  least  twenty-one  years^ 
and  probably  for  a  much  longer  period,  before  renewal  of 
the  blocks  is  necessary." 

As  the  result  of  seventeen  years'  experience  the  city  sur- 
veyor of  Sydney  believes  the  best  and  most  suitable  form 
of  pavement  for  heavy  and  continual  traffic  to  be  one  of 
hard  woods  with  slope  or  butt  joints,  laid  upon  a  good 
foundation  with  a  convexity  of  1  in  60  or  of  1  in  80,  as 
the  longitudinal  gradient  may  suggest,  and  the  best  timbers 
for  such  work  are  in  his  opinion  tallow  wood,  blackbutt, 
blue  gum,  red  gum,  and  mahogany.     These  timbers,  he 
says,*  after  having  been  so  laid  in  Sydney  streets,  have, 
upon  examination,  shown  wear  at  the  rate  of  aV  inch  to  -«V 
inch  per  annum,  and  have  not  required  repairs  of  any 
kind  whatsoever.  It  might  be  thought,  he  further  observes, 
that  close-jointed  pavements  set  up  greater  expansion  than 
pavements  with  wide  joints,  but  experience  shows  that  such 
is  not  the  case,  and  it  may  be  surprising,  but  it  is  never- 
theless true,  that  expansion  is  indeed  decreased.     To  com- 
bat any  possible  expansion,  however,  a  2-inch  seam  of  sand 
or  clay  is  laid  parallel  with  and  close  to  the  curbing.    Out- 
side this  layer  planks  of  hard  wood,  12  feet  long  by  3 
inches  by  6  inches,  the  full  depth  of  the  block,  are  fixed. 
These  planks  are  so  placed  as  to  break  joint  with  each 
other  on  each  side  of  the  street,  and  with  such  provision 
expansion  has  not  resulted  to  any  appreciable  extent. 

Sanitary  aspect. — ^It  has  been  held  by  many  that  wood 
paving  is  most  undesirable  from  a  sanitary  point  of  view, 
and  doubtless  even  when  well  laid  with  close- jointed,  pitch- 
grouted,  or  even  butt-jointed  hard-wood  blocks,  it  is  far 
from  being  perfect  in  this  respect ;  but  if  so  laid  and 
maintained  in  a  proper  state  of  repair,  and  also  well 
scavenged  and  cleansed,  it  is  by  no  means  in  itself  pro- 

*  See    Proceedings    of  the   Association  of  Ifwtieipal   md  County 
Enginems,  vol,  xxUi 
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ductive  of  the  atmosphere  highly  charged  with  elements 
not  conducive  to  perfect,  or  even  approximately  perfect, 
salubrity,  which  some  persons  mention.  That  such 
elements  are  ordinarily  present  there  can  be  but  little 
doubt,  but  this  is  not  due  to  the  nature  of  the  pavement, 
but  to  the  state  of  filth  in  which  our  streets  are  as  a 
general  rule  kept  by  the  authorities.  Pavements  of  soft- 
wood blocks  uncreosoted,  and  laid  with  wide  joints,  un- 
doubtedly deserved  a  good  deal  of  these  condemnations,  no 
matter  how  maintained,  by  reason  of  the  large  capacity  of 
the  soft  wood  for  the  absorption  of  moisture  which,  accord- 
ing to  Mr.  W.  N.  Blair,*  C.E.,  is  for  yellow  deal  blocks 
23 '44  per  cent.,  whilst  according  to  the  same  authority  that 
of  jarrah  and  karri  blocks  are  only  10-71  per  cent,  and  7*77 
per  cent,  respectively.  The  creosoting  of  soft-wood  blocks 
lessens  to  a  great  extent  their  moisture-absorbing  capa- 
city. Bacteriological  examination  of  the  grouting  of 
wood  pavement  in  Sydney  failed  to  reveal  the  presence  of 
disease  germs  pathogenic  to  man,  and  other  examinations 
had  similar  results.  Nevertheless,  wood  paving  is  not 
suitable  for  every  situation ;  indeed,  to  insure  good  results 
it  is  absolutely  necessary  that  it  should  be  exposed  to  the 
action  of  plenty  of  sun  (generally  conspicuous  by  its 
absence  during  a  large  part  of  the  year  in  this  climate),  and 
of  abundance  of  air,  otherwise  it  is  liable  to  rapidly  become 
decayed  and  insanitary. 

Wood  paving  is  unsuitable  for  streets  having  a  heavy 
traffic,  and  should  never  be  laid  on  gradients  steeper  than 
1  in  26.  It  is  also  absolutely  necessary  for  safety  that 
this  class  of  paving  be  kept  perfectly  dean — a  state  of 
things  seldom  if  ever  to  be  found  in  London,  or  other  city 
in  this  country — as  otherwise,  with  a  certain  amount  of 
moisture,   it  will  become  exceedingly  slippery  and  dan- 

.  *  See  Proceedings    of  the  Aeeoeuntion    <^f  Municipal   and  County 
Engineers^  TOl,  zz.,  p.  80t 
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gerous.  When  clean  it  admits  of  horses  obtaining  a  some- 
what better  foothold  than  is  possible  upon  asphalte,  but 
ofPers  a  slightly  greater  resistance  to  traction  than  does 
this  latter.  Perhaps  the  greatest  advantage  possessed  by 
wood  paving  is  that  it  is  the  most  noiseless  description 
known.  Other  disadvantages,  besides  those  which  have 
been  already  mentioned,  are,  that  it  is  ill  adapted  for  being 
opened  up  and  subsequently  repaired,  to  admit  of  access 
to  gas,  water,  hydraulic,  electric  light,  or  other  pipes  or 
conduits  ;  and  that  the  expansion  of  the  wood  when  wet 
is  not  unlikely  to  shift  the  curbs. 

Various  Experimental  Pavements, — During  the  last  few 
years  a  series  of  experiments  with  various  forms  of  wood 
paving  have  been  carried  out  in  Basle,  which  have  afforded 
some  valuable  data  upon  the  subject.  The  first  wood 
pavement  was  laid  in  this  town  in  1888,  being  put  down 
in  one  of  the  principal  thoroughfares,  and  the  wood  em- 
ployed being  the  Ptnus  ahies,  or  fir,  with  which  timber  the 
Jura  and  Black  Forest  are  covered.  This  pavement  only 
lasted  a  few  years,  when  it  was  found  to  be  in  a  very  bad 
condition,  completely  worn  out  and  quite  worthless,  and 
had  to  be  renewed,  the  same  timber  being  again  employed, 
but  great  pains  being  taken  to  secure  as  perfect  a  uni- 
formity in  the  blocks  as  possible,  and  the  blocks  being  veiy 
carefully  laid.  The  latter  pavement,  however,  in  spite  of  the 
pains  taken  and  the  improved  treatment,  very  rapidly  de- 
teriorated and  had  to  be  renewed  in  a  few  years ;  conse- 
quently the  employment  of  Uocks  of  fir  for  paving  pur- 
poses was  then  abandoned,  and  American  pitch  pine  has 
likewise  been  rejected  owing  to  the  fact  of  its  containing 
such  a  large  amount  of  waste  or  sap  wood  that  its  in- 
spection is  rendered  a  very  difficult  matter  to  perform  in  a 
satisfactory  manner.  In  the  year  1894  wood  paving  com- 
posed of  blocks  of  larch  from  Valais,  or  Pinus  larix,  which 
timber  closely  resembles  the  American  larch,  was  laid  ex« 
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penmentally,  and  this  pavement  is  at  the  present  time  in 
such  a  condition  that  a  life  of  some  ten  years  may  confi- 
dently be  anticipated  for  it ;  it  may  be  mentioned  that  this 
wood  is  also  reported  to  have  given  fairly  satisfactory 
results  at  Paris.  Oak  and  pine  wood  have  likewise  been 
tried  in  Basle,  but  have  been  finally  rejected  on  the  grounds 
of  unsuitability  and  high  price,  and  it  has  finally,  as  a 
result  of  the  experiments  as  a  whole,  been  decided  in 
future  to  employ  Australian  karri  wood^  which  material 
will  be  used  for  all  extensions  of  the  wood  pavements, 
and  also  for  the  repair  work  necessary  to  those  existing  at 
the  present  time. 

Duration  of  Hard-  Wood  Pavements, — ^The  following  is  the 
experience  of  Mr.  Charles  Mason,*  the  surveyor  of  the 
vestry  of  St.  Martin,  with  regard  to  the  comparative  dura- 
tion of  deal  and  jarrah  hard- wood  paving  blocks. 
**  Immediately  opposite  the  West  Strand  Post  Office, 
adjoining  Charing  Cross,  and  at  the  starting  place  for  the 
omnibuses  going  eastward,  the  6 -inch  deal  blocks,  laid  in 
1889,  had  practically  worn  through  in  twelve  months, 
owing  to  the  tremendous  strain  on  the  wood.  The  road 
at  this  point  has  a  gradient  of  1  in  35.  This  portion  was 
taken  up  in  September,  1890,  and  repaved  with  5 -inch 
jarrah  blocks.  This  hard  wood,  when  taken  up  in  Sep- 
tember, 1893,  had  worn  down  to  a  thickness  of  2^  inches 
in  the  line  of  traf&c.  This  may  be  taken  as  a  fair  illustra- 
tion of  the  comparative  life  of  the  hard  and  soft  woods 
when  subject  to  an  extraordinary  wear  and  tear,  the  deal 
having  worn,  say,  4  J  inches  in  twelve  months,  against  the 
hard  wood  2f  inches  in  thirty-six  months,  being  at  the 
ratio  of  11  to  54,  or  practically  1  to  5.** 

The  final  report  of  the  special  committee  of  the  Pad- 
dington  vestry  on  wood  paving,  which  was  presented  on 

*  Procetdingt  of  the  Ifunietpal  and  County  Enffineera*  Atweiation, 
1894. 
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the  24th  July,  1896,  contains  the  following  general  con- 
clusions as  regards  the  comparative  values  of  soft  and 
hard  woods  for  paving : — **  The  committee  are  unanimous 
in  their  opinion  that  the  life  of  hard  wood  will  consider- 
ably exceed  the  number  of  years  shown  in  the  table,*  and 
they  strongly  recommend  the  vestry  to  follow  the  example 
of  other  London  parishes,  and  in  future  to  discontinue  the 
use  of  soft  wood  for  paving  purposes,  being  confident  that 
there  will  not  only  be  a  considerable  saving  by  so  doing, 
but  the  roads  will  be  far  better  and  more  sanitary  than  at 
present." 

The  conclusion  arrived  at  by  the  committee  as  a  result  of 
a  consideration  of  the  facts  placed  before  them  was  the 
recommendation  that  the  wood  roads  ordered  to  be  renewed 
in  1896  be  paved  as  soon  as  practicable  with  the  best 
jarrah  wood.  Paving  with  this  wood  was  consequently 
laid  in  1897-8  in  Fraed  Street,  Edgware  Eoad,  Shirland 
Boad,  Formosa  Street,  and  Warwick  Eoad. 

The  yellow  deal  paving  laid  in  the  parish  of  Hammer- 
smith in  1885  was  taken  up,  and  the  section  between  the 
Broadway  and  Shaftesbury  Boad  repaved  with  9-inch  by 
3-inch  by  5 -inch  Jarrahdale  blocks  in  1895,  and  this  was 
followed  by  the  paving  of  the  Uxbridge  Boad  with  similar 
material.  The  timber  was  supplied  in  planks  and  was 
sawn  into  blocks  at  a  mill  erected  in  the  parish,  the  quan- 
tity of  timber  delivered  being  2,340  loads,  and  the  number 
of  blocks  of  the  above  dimensions  cut  therefrom  being 
1,476,095  or  630  per  load. 

A  section  of  the  Westminster  Bridge  Boad,  extending 
from  the  foot  of  Westminster  Bridge  as  far  as  York  Boad, 
was  laid  down  in  1889,  by  Mr.  H.  Mackintosh,  then 
surveyor  to  the  Lambeth  vestry,  and  consists  of  1,960 
square  yards  of  jarrah  paving  blocks.  The  traffic  in  this 
portion  of  the  Westminster  Bridge  Boad  towards  West- 

*  See  p.  276  for  this  table. 
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minster  is^  according  to  Mr.  J.  F.  Norrington,  the  present 
surveyor,  at  the  rate  of  1,002  tons  per  yard  in  width  of 
road  in  twelve  hours  from  6  a.m.  to  6  p.m.,  during  which 
time  3,574  vehicles  passed,  out  of  which  number  623,  or 
14*63  per  cent.,  were  omnibuses.  On  the  other  side  of  the 
road  the  traffic  is  equal  to  699  tons  per  yard  in  width  of  road, 
the  number  of  vehicles  which  passed  in  a  like  period  being 
3,014,  of  which  466,  or  15*46  per  cent.,  were  omnibuses. 
Test  blocks  removed  in  1896  from  this  pavement  showed 
the  total  loss  for  the  six  years'  wear  to  be  1^-inch,  or  at  the 
rate  of  -A^ths  of  an  inch  per  annum.  The  roads  in  Lambeth 
are  for  the  most  part  level,  but  Waterloo  Eoad,  which  is 
also  paved  with  Jarrahdale  jarrah,  has  a  gradient,  from 
the  nearest  entrance  to  Waterloo  Station  to  Waterloo 
Bridge,  of  1  in  35,  and  the  traffic  is  very  heavy.  Up  to 
the  year  1896  the  length  of  Jarrahdale  jarrah  roads  in 
Lambeth  was  about  9  miles,  and  seven  million  blocks  of 
that  wood  were  supplied  to  the  parish  of  Lambeth,  the 
method  adopted  by  the  vestry  being  to  purchase  the  timber 
in  planks  9-inch  by  3-inch  in  section  and  to  saw  it  into 
blocks  close  to  where  it  is  delivered. 

Observations  made  in  1896  as  to  wear  and  traffic  were 
made  upon  a  length  of  the  Euston  Bead  at  St.  Fancras 
Church,  which  was  paved  with  jarrah- wood  blocks  between 
the  30th  of  April  and  the  24th  of  May,  1894,  and  had  been 
consequently  at  the  time  of  the  observations  under  traffic 
for  about  one  and  three-quarter  years.  The  record  of 
traffic  taken  near  where  the  test  was  made,  at  which  point 
the  road  is  38  feet  4  inches  in  width,  showed  that  during 
seven  days  from  the  26th  of  August  to  the  2nd  of 
September,  1895,  101,063  tons  passed,  or  5,255,276  tons 
per  annum,  or  411,318  tons  per  yard  in  width  of  road  per 
annum.  The  blocks  measured  were  taken  from  a  trench 
which  completely  crossed  tlie  road  from  curb  to  curb. 
The  greatest  wear  was  found  to  be  at  12  feet  from  the 
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curb  on  the  south  side  of  the  road,  where  the  reduction 
was  i^e  of  an  inch,  and  iV  of  an  inch  at  about  the  same 
distance  from  the  north  side;  the  greatest  wear  was 
therefore  *18  inch,  or  somewhat  imder  i  of  an  inch  per 
annum. 

A  considerable  portion  of  the  macadam  roads  in  the 
north-west  suburban  district  of  London  has  been  lately 
payed  with  Australian  hard  woods,  amongst  others,  Abbey 
Boad,  Finchley  Eoad,  Quex  Boad,  Belsize  Boad,  and 
Fairhazel  Gardens,  the  last  three  haying  been  completed 
in  November,  1900.  Except  for  a  service  of  omnibuses, 
the  traffic  on  these  roads  is  very  light,  and  yet  the  sur- 
faces are  in  some  places  already,  after  a  lapse  of  only  a 
few  months,  far  from  being  in  a  perfectly  satisfactory  con- 
dition. This  is  not,  howeyer,  due  to  the  material  used 
for  paying,  but  is  apparently  due  to  faults  in  the  foimda- 
tions. 

The  use  of  wood-paying  in  residential  districts  should, 
to  insure  sanitary  conditions,  be  kept  in  a  state  of  scrupu- 
lous cleanliness,  but  unfortunately  our  authorities  do  not 
seem  to  recognise  this  fact.  Accumulations  of  horse- 
droppings,  and  other  filth,  left  to  fester  upon  practically 
impermeable  surfaces,  and  disintegrated  by  alternate  wet- 
ting, drying  in  the  sun,  and  the  grinding  action  of  the 
traffic,  give  rise  to  a  peculiarly  fine  dust,  the  effects  of 
breathing  which  must  be  extremely  injurious.  After 
over  twenty  years'  obseryation  of  the  London  streets  the 
author  has  become  convinced  that  less  and  less  attention 
is  being  devoted  to  their  cleansing,  although  the  taxes 
have  almost  everywhere  risen  considerably. 


CHArTER  XVI. 

PRESERVED  WOOD  PAVEMENT. 

Various  Preservative  Processes, — There  are  several  processes 
for  the  antiseptic  or  preservative  treatment  of  timber,  the 
oldest  being  those  known  as  Kyanizing,  Margaryzing, 
Bumettizingy  and  Creosoting,  and  the  first  and  last  of 
which  processes  have  met  with  the  greatest  success.  Kja- 
nizing,  which  consists  in  the  use  of  corrosive  sublimate  or 
bichloride  of  mercury,  was  introduced  here  by  J.  H.  Kyan, 
who  obtained  a  patent  for  the  process  in  this  country  in 
1832,  but  the  substance  was  successfully  used  for  preserv- 
ing timber  by  Homberg,  a  French  savant,  as  far  back  as 
1705,  and  it  was  recommended  by  De  Boissieu  in  1767, 
and  tried  by  the  Dutch  Government  in  1730.  The  process 
acts  fairly  well  in  dry  situations,  but,  like  all  those 
wherein  the  timber  is  impregnated  with  any  of  the  salts 
of  metals,  has  failed  in  damp  ones.  The  practical  intro- 
duction of  Creosoting  is  due  to  Mr.  John  Bethell,  who  took 
out  a  patent  in  1838,  in  which  a  list  of  eighteen  substances, 
mixtures,  or  solutions,  oleaginous,  bituminous,  and  of  me- 
tallic salts,  was  mentioned.  As  early  as  1756,  however, 
attempts  seem  to  have  been  made,  both  in  England  and 
America,  to  inject  or  impregnate  timber  with  vegetable 
tars  or  with  extracts  therefrom.  The  first  mention  of  the 
separate  use  of  the  products  of  the  distillation  of  gas  tar 
for  the  impregnation  of  timber  was  made  by  Franz  MoU, 
who  obtained  a  patent  in  1836  for  injecting  wood,  in  closed 
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iron  vessels,  with  the  oils  of  coal-tar,  first  in  a  state  of 
vapour,  and  next  with  the  heated  oils  in  the  ordinary 
liquid  state.  He  recommended  the  use  of  both  oils  lighter 
than  water  and  of  oils  heavier  than  water,  naming  the 
first  **Eupion"  and  the  second  ''Kreosot."  He  relied 
upon  the  latter  for  its  antiseptic  qualities,  but  proposed  to 
use  the  first  separately  at  the  commencement  of  the  opera- 
tion for  the  purpose  of  facilitating  the  absorption  of  the 
heavy  oil,  a  wasteful  and  unpractical  plan  which  has  never 
been  used. 

Amongst  the  various  substances  mentioned  in  Bethell's 
patent  is  a  mixture  consisting  of  coal-tar  thinned  with 
from  one-third  to  one-half  of  its  quantity  of  dead  oil  dis- 
tilled from  coal-tar.  This  is  the  origin  of  the  so-called 
Creosoting  process,  though,  as  is  mentioned  by  Mr.  S.  B. 
Boulton  *  in  his  paper,  **  On  the  Antiseptic  Treatment  of 
Timber,"  '*  Creosote,  correctly  so-called,  is  the  product  of 
the  destructive  distillation  of  wood,  and  coal-tar  does  not 
contain  any  of  the  true  creosote,  which  has  never  been  used 
for  timber  preserving.  But  a  substance,  since  called  car- 
bolic acid,  or  phenol,  has  been  discovered  in  coal-tar ;  it 
was  thought  by  some  to  be  identical  with  the  creosote  of 
wood,  hence  the  process  came  to  be  miscalled,  after  a  time, 
the  creosoting  process." 

Creosoted  Wood-Paving  Bloch. — Creosoting  wood-paving 
blocks  is  claimed  to  have  the  effect  of  protecting  them 
from  the  effects  of  moisture  and  rendering  the  pavement 
far  more  sanitary,  owing  to  the  non-absorbent  nature  of 
the  blocks  when  so  treated,  preventing  the  absorption  of 
offensive  matter  falling  on  its  surface.  Creosote  is  besides 
an  excellent  disinfectant.  Very  favourable  results  seem 
to  have  been  obtained  with  pavements  composed  of  beech 
blocks  creosoted  by  Messrs.  Armstrong,  Addison  &  Co., 
of  Sunderland,  and  laid  according  to  the  method  adopted 

*  Pi-oeeedingi  of  th$  Intiitution  of  Civil  Efigirmn,  1884,  vol.  Ixxviii., 
p.  97. 
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b;  that  firm.  The  blocks  have  creosote  oil  forced  into 
them  under  a  heavy  preesure  until  they  absorb  a  TninJTniim 
quantity  of  one  gallon,  which  is  e^uol  to  10  pounds  per 
cubic  foot.  There  is,  however,  do  difflonltf  experieDced, 
we  are  told,  in  impregnating  beeoh  with  from  13  to  16 
pounds  per  cubio  foot. 

The  method  of  laying  the  preserved-wood  pavement 
adopted  by  the  above  firm  is  veiy  clearly  shown  in  Figs. 
64  and  65,  which  depict  respectively  a  part  longitudinal 
section,  and  a  sectional  plan  of  road.  The  pavement  is,  it 
will  be  eeen,  laid  on  a,  Portland  cement  concrete  founda- 
tion 6  iaches  thick,  properly  radiated  on  the  surface.    The 
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blocks  of  preserved  wood  are  5  or  6  inches  in  depth,  3  to 
3i  inches  in  width,  and  from  6  to  12  inches  in  length. 
They  are  set  on  a  thin  layer  of  sand,  and  the  joints  are  run 
with  aq)halte  and  small  gravel  in  proper  proportions,  the 
surface  of  the  pavement  having  an  inclination  from  the 
centre  of  the  roadway  to  the  channeL 

'  As  regards  the  duration  of  preserved<wood  pavement, 
according  to  a  report  on  the  paving  of  the  town  of  Sunder- 
land, creosoted  beech  blocks  6  inches  in  depth  by  5  inches 
in  width,  laid  on  Wearmouth  bridge  in  the  year  1667, 
when  measured  in  1879,  after  having  been  in  use  for 
twelve  years,  had  an  average  depth  of  block  of  5H  inches, 
the  measurement  of  the  largest  block  being  S-H  inches, 
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and  that  of  the  smallest  block  5i\  inches,  the  number  of 
measurements  taken  being  120.  From  this  it  will  be  seen 
that  the  average  wear  of  the  blocks  for  the  twelve  years 
was  -A-  of  an  inch,  or  ^V  of  an  inch  per  year.  The  average 
wear  of  creosoted  redwood  laid  on  the  same  bridge  for  the 
same  number  of  years  was  found  to  be  for  the  entire 
period  -H-  of  an  inch,  the  number  of  measurements  taken 
being  198,  which  makes  the  amount  of  wear  per  year  in 
this  case  equal  to  -fy  of ,  an  inch.  Against  this  we  find 
that  oak  paving  blocks  laid  in  their  natural  state  on  the 
same  bridge,  also  for  twelve  years,  lost  by  wear  during 
that  period  H  of  an  inch  on  an  average,  or  nearly  iV  of 
an  inch  per  annimi,  which  is  nearly  double  that  of  creo- 
soted beech.  The  number  of  measurements  from  which 
the  latter  deduction  was  made  were  1,727.  It  should  be 
mentioned  that  the  traffic  across  this  bridge  is  very  con- 
stant and  heavy.  It  was  further  mentioned  in  the  report 
that  the  creosoted  beech  blocks  were  relaid  after  having 
been  down  for  ten  years,  and  were  brought  forward  so  as 
to  work  in  with  the  courses  of  the  new  paving  when  the 
wood  was  found  to  be  sound.  The  creosoted  redwood 
blocks  were  not  moved  at  this  time,  and  the  wood  was  also 
found  to  be  sound.  The  uncreosoted  oak-blocks  were 
taken  up  after  ten  years  and  reversed,  when  many  of  the 
blocks  were  found  to  be  beginning  to  decay  on  the  sur- 
face. The  whole  of  the  foundation  of  the  bridge  was 
found  to  be  in  good  order.  The  measurements  of  the 
blocks  were  taken  with  callipers  to  the  nearest  sixteenth 
of  an  inch. 

A  short  section  of  yellow  deal  blocks  creosoted  according 
to  fiethell's  patent  process  (7  lb.  of  hot  creosote  oil  per 
cubic  foot,  equal  to  10*66  blocks,  being  injected),  was  laid 
in  King's  Bead,  Ohelsea,  where  the  ascertained  depth  of 
annual  wear  was  found  to  average  0-139  inch  against 
0*055  inch  for  pitch  pine,  and  0*144  inch  for  plain  yellow 
deal.    Upon  raising  the  creosoted  blocks  for  examination 
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they  were  f  oxmcl  to  be  moiBt  internally,  and  could  be  easily 
raised,  whilst  the  plain  blocks  and  the  pitch-pine  blocks 
could  only  be  got  up  by  the  exertion  of  a  considerable 
amount  of  force.  Mr.  Stayton,  in  mentioning  the  above, 
gives  it  as  his  opinion  that  creosoting,  by  closing  to  a 
certain  extent  the  fibres  of  the  wood,  tends  to  pi*oduce 
premature  internal  decay,  and  when  this  sets  up,  he  says, 
it  is  very  soon  found  that  the  traffic  will  cause  the  fibres  to 
spread,  which  action  is  quickly  followed  by  the  complete 
destruction  of  the  wood.  The  same  authority  also  states 
that  the  result  of  his  experience  is,  that  creosoted  pavement 
is  invariably  less  clean  than  when  the  blocks  are  laid  in 
their  natural  state.  Mr.  Stayton's  experience  in  this  direc- 
tion, however,  does  not  agree  with  that  of  others  in  the 
behaviour  of  creosoted  timber.  As  regards  the  internal 
moisture  found  in  the  blocks  in  question,  this  was  doubtless 
either  due  to  the  wood  being  in  a  damp  condition  when  the 
creosoting  was  carried  out,  or  to  an  insufficiency  of  creosote 
having  been  injected. 

As  regards  the  ordinary  dipping  process,  wherein  the 
blocks  are  dipped  in  a  mixture  of  creosote  oil  and  other 
ingredients,  Mr.  Stayton  has  but  little  faith  in  its  efficiency 
as  a  means  of  preserving  timber.  Upon  severing  blocks 
that  have  been  subjected  to  the  dipping  process  after  they 
had  been  laid  for  two  or  three  years,  a  mere  external 
coloration  only  was  found  to  exist,  and  under  such  circum- 
stances, he  remarks  that  it  is  difficult  to  ascertain  the 
nature  of  the  merit  which  the  process  is  supposed  to  possess, 
and  there  may  be  some  truth  in  the  assertion  that  it  is  worse 
than  useless,  as,  unfortunately,  unscrupulous  persons  have 
taken  advantage  of  it  as  a  means  of  covering  up  the  short- 
comings of  defective  and  inferior  blocks. 

CarhoUneum  Avmaritu. — The  use  of  carbolineum  aven- 
arius  for  the  preservation  of  timber  is  claimed  to  afford 
several  advantages,  and  to  be  of  considerable  efficiency. 
This  fact  seems  to  have  been  demonstrated  by  the  author 
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ot  a  paper  read  before  the  Teehnuchet  Centralblatt  far  Berg 
und  Aittenwesen,  Berlin,  on  the  28th  of  June,  1900,  by  the 
exhibition  of  a  sample  of  wood  treated  in  this  manner 
which  had  been  exposed  for  a  period  of  ten  years  to  the 
vicissitudes  of  the  atmosphere.  The  sample  was  accom- 
panied by  a  certificate  from  the  administration  of  the  Louis 
de  Hesse  Eailways,  Mayenne.  In  the  year  1881,  during 
the  construction  of  a  town  hall  at  Oustavsburg,  two  coatings 
of  carbolineum  were  applied,  and  since  then  the  operation 
has  not  been  repeated. 

A  comparison  of  the  duration  when  sunk  in  the  ground, 
made  between  wood  treated  with  carbolineum  and  wood  left 
in  its  natural  state,  demonstrated  that  at  the  termination  of 
twenty  years  the  first  was  in  a  quite  sound  condition,  whilst 
at  the  end  of  five  years  the  second  was  in  a  rotten  state. 

As  carbolineum  is  an  antiseptic  as  well  as  a  preservative 
of  wood,  it  would  seem  to  be  especially  adapted  for  the 
purpose  of  treating  wood-paving  blocks.  The  application 
also  is  simple,  and  the  expensive  plant  necessary  for 
creosoting  is  not  required,  as  a  few  minutes'  immersion  in 
the  carbolineum  is  said  to  be  all  that  is  required  to  effect 
the  requisite  protection  and  to  preserve  the  blocks.  The 
penetrating  action  of  the  carbolineum  is  very  strong,  and 
a  few  minutes'  immersion  suffice  to  allow  of  its  working 
its  way  into  the  wood  and  entirely  traversing  the  grain, 
where  it  remains,  and  appears  to  be  successful  in  resisting 
the  penetration  of  damp,  preventing  extreme  contraction 
and  expansion,  and  hardening  the  wood,  especially  the 
sappy  portions.  A  portable  apparatus  is  provided  by 
Peters,  Bartsch  and  Go.,  of  Derby,  who  are  the  makers  of 
carbolineum  in  this  country,  by  the  use  of  which  wood- 
paving  blocks  can  be  carbolized  in  the  street.  This 
apparatus  consists  simply  of  a  tank  about  four  feet  square 
mounted  upon  suitable  wheels  and  having  a  furnace  under- 
neath, and  with  this  simple  apparatus  four  men  can  turn 
out  over  1,000  blocks  per  hour. 
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When  wood-paving  blocks  are  carbolized  the  pavement 
will,  it  is  saidy  require  no  facing  and  g^uting  of  pitch  and 
tar,  as  is  the  case  with  creosoted  blocks,  but  may  be  simply 
grouted  with  cement  and  sand,  which  is  quick-drpng  and 
leaves  a  clean  surface  imlike  pitch  and  tar.  The  opinion 
expressed  by  the  surveyor  to  the  vestry  of  St.  Martin's-in- 
the-Fields  as  the  results  of  his  experience  of  experiments 
with  carbolized  wood-paving  is  favourable  to  the  advantage 
obtained  by  the  use  of  the  composition.*  Amongst  the 
streets  in  London  which  have  been  paved  with  carbolized 
wood  blocks  are  Northimiberland  Avenue,  Whitehall, 
Duncannon  Street,  &c. 

*  See  paper  on  <*  Oarriageway  Fayements,"  Froeeedinffi  rf  tke  Ih» 
eorporaUd  Auomtion  qfMunieijnU  EnginurSf  1894* 
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CHAPTER   XVn. 

OTHER  WOOD  PAVEMENTS. 

Ligno-Mineral  Pavement. — ^This  pavement,  known  also  as 
Trenaunay's  system,  was  imported  from  France.  It  was 
the  first  system  of  wood  pavement  that  was  provided  with 
a  hard  concrete  foundation,  and  moulded  exactly  to  the 
required  curve  of  the  road.  The  concrete  is  laid  with 
cement  or  blue  lias  lime,  and  besides  supplying  a  firm 
foundation,  it  closes  the  surface  against  underground  exha- 
lations. Blocks  of  hard  wood,-^ak,  elm,  beech,  or  ash, — 
are  laid  on  the  concrete ;  their  upper  and  lower  surfaces 
are  cut  at  an  oblique  angle,  of  about  60°,  to  the  grain,  in 
order  that  the  fibre  may  be  presented  obliquely  to  the 
wearing  surface,  and  that  each  block  may  be  partially 
supported  by  the  next  block  in  the  course  upon  which  it 
leans.  The  courses  are  laid  transversely,  and  the  inclina- 
tion of  the  blocks  is  alternately  to  the  right  and  to  the  left 
in  the  successive  courses.  The  upper  edges  of  the  blocks 
are  chamfered.  A  groove  is  cut  horizontally  along  the 
sides  of  the  blocks,  near  to  the  base,  which  is  filled  with 
the  asphaltic  mastic  used  for  jointing — so  forming  an  addi- 
tional tie.  The  joints  are  only  partially  filled  with  mastic, 
and  they  are  filled  up  with  a  grouting  of  lime  and  sand. 

The  blocks  are  previously  subjected  to  a  process  called 
mineralisation :  they  are  placed  in  drying  chambers  heated 
with  steam-coils,  and  exposed  to  a  continuous  current  of 
air.  When  dried,  the  blocks  are  withdrawn,  and  plunged 
into  tanks  containing  the  mineral  oils,  consisting  of  hydro* 
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carburets ;  they  quickly  absorb  the  oils,  with  which,  it  is 
said,  the  wood  becomes  saturated,  and  are  so  rendered 
tougher  and  more  durable. 

Though  the  employment  of  hard  woods  is  a  specialty  of 
this  process,  mineralised  firs  also  are  used,  and  they  are 
placed  upright,  with  vertical  fibres.  But  it  is  claimed 
that,  in  hard  wood,  a  less  depth  of  block  suffices  than  in 
soft  wood,  and  that  thus  the  costs  for  the  two  classes  of 
wood  are  equalised. 

The  first  piece  of  this  pavement  laid  in  the  City  of 
London,  was  laid  in  Gracechurch  Street,  near  Talbot  Court, 
in  August,  1872.  On  a  bed  of  concrete,  4  inches  thick, 
mineralised  elm  blocks  were  laid,  bedded  in  Portland 
cement.  The  blocks  were  3j-  inches  wide,  7^  inches  long, 
and  only  4^^  inches  deep.  The  joints  were  partially  filled 
with  heated  mastic,  and  filled  up  with  a  grouting  of  lime 
and  sand.  The  pavement  was  relaid  in  1875,  after  having 
lain  three  years,  and  a  portion  of  it  was  replaced  with 
new  blocks. 

The  next  piece  of  paving  was  laid,  in  1874,  in  Fore 
Street,  which  is  entirely  paved  on  this  system.  On  a  con- 
crete bed  of  blue  lias  lime,  6  inches  thick,  hard-wood 
blocks  were  placed,  3^  inches  wide,  7^  inches  long,  and 
4i  inches  deep.  The  wood  used  for  nearly  the  whole  of 
the  surface  was  beech;  supplemented  by  blocks  of  oak 
and  of  elm.  The  lines  of  channel  are  formed  throughout 
of  elm  blocks. 

Lastly,  Coleman  Street  was,  in  1875,  paved  with  vertical 
blocks  of  mineralised  fir,  3  inches  wide,  9  inches  long,  and 
6  inches  deep,  with  f -inch  joints ;  on  a  concrete  founda- 
tion 6  inches  deep. 

Asphaltic  Wood  Pavement,-^ On  this  system,  originally 
patented  by  Copland,  a  solid  concrete  foundation, 
6  inches  thick,  is  laid  to  the  curvature  of  the  road; 
it  is  composed  of  blue-lias  lime  and  ballast,  in  the  proper- 
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tion  of  1  to  6  or  6.  Upon  tliis  foundation,  a  coat  of 
mastic  asphalte,  f -incli  or  i-inch.  thicky  is  laid,  as  a  bedding 
for  the  wood  blocks.  The  blocks  are  3  inches  wide,  6  inches 
deep,  and  9  inches  long,  of  Baltic  fir,  laid  in  transverse 
courses,  butt-jointed,  with  A-inch  interspaces.  The  inter- 
spaces or  joints  are  run  up  with  melted  asphalte  to  a  depth 
of  about  l^-inches.  The  correct  interspacing  of  the  courses 
is  ensured  by  placing  long  strips  of  wood  i^-inch  thick, 
against  each  course  as  it  is  laid.  The  asphalte,  when 
poured,  remains  for  two  or  three  minutes  in  a  fluid  con- 
dition, and  it  partially  re-melts  the  coating  on  which  it 
rests,  and  unites  with  it,  whilst  it  adheres  firmly  to  the 
blocks.  The  whole  structure  thus  becomes  solidified  as 
one  mass,  and  the  joints  are  filled  up  with  a  grouting  of 
sand  and  hydraulic  lime.  The  grouting  serves  as  a  non- 
conductor of  heat,  and  fixes  the  grit  and  gravel  which  it  is 
usual  to  strew  over  a  newly-laid  wood  paving,  for  the  pur- 
pose of  indurating  the  surface  of  the  wood. 

The  first  piece  of  Copland's  pavement  in  London  was 
laid  at  the  east  end  of  Cannon  Street,  in  1874,  on  a  concrete 
foundation,  9  inches  thick,  made  with  Portland  cement ;  a 
layer  of  mastic  asphalte,  f-inch  thick,  was  spread  over  the 
concrete,  and  carried  the  wooden  blocks,  which  were  of 
soft  wood,  and  had  been  steeped  in  tar.  The  blocks  were 
laid  in  courses  across  the  street,  with  f -inch  joints  between 
the  courses.  Each  block  had  two  holes  ii-inch  in  diameter, 
and  f -inch  deep,  bored  in  each  side ;  and  when  the  joints 
were  filled  to  half  their  depth  with  ''  liquid  asphalte,"  the 
asphalte  of  course  occupied  the  holes.  The  upper  part  of 
the  joint  was  then  rammed  with  screened  gravel,  and 
grouted  with  tar  and  asphalte,  and  the  pavement  covered 
with  screened  gravel  and  sand. 

The  lateral  holes  have  not,  in  later  pavements  on  this 
system,  been  made  in  the  blocks.  It  was  found,  no  doubt^ 
that  they  were  an  entirely  useless  refinement. 
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The  asplialtic  wood  payement  appears  to  have  answered 
well.  In  Bristol,  it  has  been  laid  for  upwards  of  two 
years,  in  Broad  Street  and  at  the  Exchange,  and  Mr.  F. 
Ashmead,  the  Engineer,  reports  that  it  is  wearing  well. 
He  maintains  that  the  principal  advantage  of  the  pave- 
ment is  **  its  imperviousness  to  water."  It  is  stated  that, 
on  lifting  a  portion  of  this  pavement  after  having  been 
down  two  years,  the  foundation  was  found  to  be  as  dry  as 
when  the  pavement  was  laid. 

Ha/rrison^s  Wood  Pavement, — ^This  pavement  is  analogous 
to  the  Asphaltic  Wood  Pavement.  Upon  a  concrete  fotinda- 
tion,  it  is  proposed  to  place  strips  of  wood,  2  inches  wide 
by  i-inch  in  thickness.  Upon  these,  3-inch  wood  blocks 
are  to  be  placed,  and  heated  asphalte  is  to  be  poured  into 
the  joints,  penetrating  under  and  adhering  firmly  to  the 
blocks.  On  this  system,  an  under  coating  of  asphalte 
would  be  formed  in  sections  by  the  successive  pourings 
into  the  joints,  instead  of  in  large  sheets  as  formed  by  the 
Asphaltic  Wood  Company.  This  system  does  not  recom- 
mend itself.  The  multiplication  of  attachments  by  pieces 
of  wood  is  objectionable. 

HemorCs  Wood  Favement, — On  a  isolid  substratum  of  blue 
lias  lime  concrete,  6  inches  thick,  covered  by  a  2-inch 
layer  of  cement-concrete  of  a  finer  quality,  a  coat  of  ordinary 
roofing  felt  is  spread ; — the  felt  having  been  previously 
saturated  with  a  hot  asphaltic  composition  of  distilled  tar 
and  mineral  pitch.  On  this  felt,  as  on  a  carpet,  cushiony 
and  impervious  to  moisture,  blocks  of  Swedish  yellow  deal, 
containing  resin  sufficient  for  preservation,  are  laid.  The 
blocks  are  3  inches  wide,  6  inches  deep,  and  9  inches  long, 
are  placed  with  the  grain  upright,  and  laid  closely  to- 
gether end  to  end,  in  rows  across  the  street.  The  rows 
are  also  driven  together  and  close-jointed  with  a  strip  of 
saturated  felt  in  each  joint.  The  width  of  the  interspaces 
is  thus  reduced  to  the  simple  thickness  of  the  felting,  and 
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does  not  exceed,  if  it  even  amounts  to,  a  quartei  of  an  incli. 
At  intervals  of  erery  three  or  four  rows,  a  row  of  blocks 
grooved  along  tlie  middle  is  laid^  to  aid  in  giving  foot- 
hold. The  surface  is  dressed  with  a  hot  bitimiinous  com- 
pound and  fine  clean  grit. 

This  pavement  was  laid  in  Oxford  Street  in  two  lengths, 
between  Princes  Street  and  Marylebone  Lane,  and  be- 
tween Hereford  Gardens  and  Edgware  Eoad ;  and  was 
opened  for  traffic  in  December,  1875.  For  the  18  months 
(to  June,  1877)  during  which  this  pavement  has  been  open, 
it  has,  according  to  the  report  of  Mr.  H.  T.  Tomkins,  the 
Surveyor,  given  very  great  satisfaction,  and  it  continues 
in  excellent  condition.  A  piece  of  Henson's  wood  pave- 
ment was  laid  in  Leadenhall  Street,  in  the  City  of  London, 
in  August,  1876. 

Norton^  B  Wood  Pavement — ^This  pavement  was  evidently 
designed  as  a  compromise,  to  do  away  with  a  foundation 
of  concrete,  whilst  seciiring  the  advantage  of  a  firm  base. 
A  thin  bed  of  ballast  is  laid  on  the  subsoil,  and  brought  to 
the  profile  of  the  street,  to  receive  the  pavement.  The  pave- 
ment consists  of  Blabs  or  structures,  7  feet  long,  and  3  feet 
wide,  composed  of  blocks  of  yellow  Baltic  timber,  3  inches 
wide,  6  inches  deep,  and  7  inches  long,  fixed  to  a  backing 
of  2-inch  boards,  with  a  strong  bituminous  cement.  The 
joints  are  run  with  the  same  material.  Between  the  slabs, 
the  joints,  J-inch  wide,  are  filled  with  powdered  lock 
asphalte,  in  a  heated  state,  well  rammed  and  levelled  to 
the  surface  of  the  blocks.  A  small  piece  of  paving  on  this 
system  was  laid  at  the  east  end  of  Gannon  Street,  in  1874. 
It  has  been  occasionally  under  repair,  and  is  now  (Feb- 
ruary 1877)  in  bad  condition: — ^bumpy,  and  depressed  at 
the  edges  of  the  slabs. 

MowUvtCb  Wood  Pavement, — ^This  pavement  reverts  to  the 
simple  type  of  wood  pavement,  formed  of  fir  blocks, 
3  inches  wide,  6  or  7  inches  deep,  and  9  inches  long,  with 
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joints,  transversely,  ^-inch  wide,  filled  with  a  grouting  of 
blue  li&s  lime  and  sand.  It  is  laid  on  a  foundation  of 
concrete  made  with  Portland  cement,  6  inches  thick.  The 
earliest  piece  of  Mowlem's  paving  was  laid  in  Duke  Street, 
Smithfield,  in  June,  1873.  A  small  piece  was  laid  at  the 
east  end  of  Cannon  Street,  in  September,  1873.  Portions 
of  the  blocks  were  creosoted. 

8tone^8  Wood  Pavement. — ^A  concrete  foundation  is  formed, 
compressed  by  machinery.  Gtrooves,  f-inch  deep,  and 
3  inches  apart,  are  cut  by  machinery  in  the  surface  of  the 
concrete.  Wood  blocks,  3  inches  wide,  5  inches  deep,  and 
6  inches  long,  are  placed  on  the  concrete,  being  shaped  to 
fit  into  the  grooves.  The  blocks  are  in  transverse  courses, 
with  1  J-inch  joints,  which  are  filled  with  gravel,  and  run 
with  heated  tar.  A  specimen  was  laid  in  King  William 
Street,  near  to  Clement's  Lane,  in  July,  1873.  Having 
been  completely  worn  out  by  the  traffic,  it  was  taken 
up  and  replaced  by  the  Improved  Wood  Pavement,  in 
October,  1876.  This  new  pavement  was  constructed  with 
one  layer  of  boarding  on  concrete  and  sand. 

GahrieVs  Wood  Pavement, — Wood  blocks,  3  inches  wide, 
6  inches  deep,  and  from  7  to  11  inches  long,  are  placed, 
with  the  intervention  of  a  little  sand,  on  a  foundation  of 
concrete,  composed  of  Thames  ballast  and  Portland  cement 
or  ground  lias  lime,  of  from  6  to  9  inches  in  thickness. 
Two  small  fillets  are  secured  to  one  side  of  each  block,  so 
as  to  keep  the  blocks  steady  during  the  process  of  grout- 
ing. The  joints  are  filled  with  a  grout  of  lime  and  sand, 
and  the  whole  surface  of  the  pavement  is  covered  with  a 
layer  of  hoggin  and  sand.  The  eastern  and  the  greater 
part  of  the  south  side  of  St.  Paul's  Churchyard  were  laid 
with  this  pavement  in  1875. 

WiUorCa  Wood  Pavement. — This  pavement  is  formed  of 
blocks  3  inches  wide,  6  inches  deep,  8  inches  long,  laid 
on  a  foundation  of  blue  lias  concrete  6  inches  deep,  on 
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which  a  ^-inch  layer  of  sand  is  spread,  to  bed  the  blocks. 
Two  small  fillets  are  secured  by  brads  on  the  side  of  each 
block,  so  as  to  keep  the  blocks  steady  until  the  process  of 
grouting  is  completed.  The  grouting  for  the  joints  con- 
sists of  blue  lias  lime  and  sand.  A  piece  of  this  pave- 
ment, 419  square  yards  in  extent,  was  laid  in  Fetter  Lane, 
in  October,  1876. 

IhweUed  Wood  Pavement. — ^This  is  a  type  of  pavement 
invented  by  Mr.  William  Duffy,  of  Victoria  Park,  London, 
N.E.,  in  which  the  blocks  are  secured  together  by  do  wells 
or  pins,  of  a  special  type,  by  which  they  are  locked  firmly 
in  position.  Holes  are  formed  in  the  blocks,  into  which 
the  dowells  are  inserted.  By  the  use  of  this  system 
it  is  claimed  that  blocks  of  hard  wood  as  thin  as  3 
inches  might  be  employed  with  safety,  as  the  pavement 
is  rendered  absolutely  immovable  imder  the  heaviest 
traffic.  According  to  the  inventor,  moreover,  the  use  of 
a  concrete  foundation  might  in  many  cases  be  dis- 
pensed with,  in  streets  not  liable  to  be  subjected  to  very 
heavy  traffic,  inasmuch  as  the  blocks  being  all  fastened 
together  will  mutually  support  each  other,  and  the  weight 
of  the  traffic  be  therefore  distributed  over  a  considerable 
area  instead  of  on  each  block  individually.  The  latter 
feature,  moreover,  it  is  said,  forms  an  important  factor  in 
preserving  the  blocks  from  destruction  by  the  concussion 
and  stress  to  which  they  are  subject,  as  tilting,  lifting, 
or  dislocation  of  the  blocks  is  rendered  impossible,  and  as  a 
natural  consequence  the  life  of  the  pavement  is  prolonged. 

The  roadways  of  the  Tower  Bridge  were  laid  by  Sir  J. 
Wolfe  Barry  with  paving  on  this  system,  in  1895,  and  are 
now,  after  upwards  of  five  years'  use,  during  which  time 
the  traffic  has  been  very  heavy,  in  a  perfectly  sound  con- 
dition. Sections  of  the  pavement  have  been  also  laid  for 
testing  purposes  in  other  streets  of  London,  amongst  which 
mention  may  be  made  of  one  of  about  1,000  square  yards 
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in  front  of  the  Marylebone  terminus  of  the  Ghreat  Central 
Bailwaj.  All  the  trial  pieces  are  said  to  have  stood  the 
practical  tests  to  which  they  have  been  subjected  in  a 
satisfactory  manner.  The  results  of  wear  will  be  found  in 
the  next  chapter. 

Table  No.  34.— City  op  London  : — ^Wood  Pavbmbnts.* 


1 

Date  when  the 

Sitnation. 

Name  of  Wood 

Length. 

Area. 

paving  was 
oomideted. 

PaTement. 

Yards. 

Sq.yda. 

Bartholomew  Lane . 

Care/B  Wood 

40 

468 

Jan.  1872 

Birchin  Lane  . 

M 

28 

77 

June,  1866 

Jewry  Street  . 

W 

42 

253 

Feb.  1872 

Little  George  Street 

tt 

24 

148 

Feb.  1872 

Cannon  Street 

» 

— 

9,051 

Sept.  1874 

HonndflditchjN.W. ) 
half    .        .        J 

» 

— 

1,826 

May,  1874 

Barbican,  a  thirdpart 

ft 

— 

800 

Oct.  1876 

Bartholomew  Lane  . 

Lnproved  Wood 

48 

392 

Dec  1871 

Great  Tower  Street  I 
and  Seething  Lane  | 

f* 

70 

448 

Aug.  1873 

King  William  St.,^ 

1 
1 

between      Grace- 

church  Street  and  > 

M 

311 

6,066 

Jan.  1876 

Cannon  Street^and  1 

Adelaide  Place    .  j 

Ludgate  Hill  . 

»» 

2ri6 

2,639 

Nov.  1872 

Aldersgate  Street,&c. 

t> 

— 

6,884 

Sept.  1874 

Barbican,  athirdpart 

f9 

— 

606 

Nov.  1875 

St.  llary  Axe,  &c.  . 

» 

— 

1,662 

July,  1875 

Bishopegate  Street) 
Without        •       ) 

>t 

< 

— 

— 

Feb.  1877 

GiaoechurchStreet, ) 
near  Talbot  Court  / 

ligno-Mineral 

27 

440 

Aug.  1872 

Fore  Street     . 

99 

— . 

3,822 

Dec.  1874 

Coleman  Street       • 

n 

"■• 

2,291 

June,  1876 

*  In  the  Appendix  is  given  a  table  by  Colonel  Haywood,  showing 
the  condition  of  the  wood  pavements  in  the  City  of  London,  as  exist 
iug  on  the  1st  February,  187«''« 
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Tablb  No.  84 — continued. 


Bitoatton. 

Name  of  Wood 
Payement. 

Length. 

Area. 

8q.  yds. 
676 

1,832 

689 

Date  when  the 
pavinff  was 
completed. 

Duke  St.,  SmiiMeld 

Houndsditch,   S.E. ) 

half       .        .        / 

Wormwood  St.,  &c. 

Mowlem's  Wood 

n 

ft 

Yards. 
134 

June,' 1873 
May,  1874 
June,  1875 

Cannon  Street,  Bam-  ) 
pie  at  east  end     .  / 
Barbican,  athirdpart 
St.  Bride  Street 
Queen  Street  . 

Asphaltic  Wood 

n 

79 

1 

299 

785 
1,774 
2,169 

July,  1874 

Oct.  1875 
Nov.  1876 
July,  1876 

Gannon  Street,  sam-  "> 
pie  at  east  end 

St.  Paul's  Church- 
yard, east  end  and 
part  of  south  side  ) 

Norton's  Wood 
Gabriel's  Wood 

— 

4,907 

1874 
Jan.  1876 

TiBLU  No.  84* :  — ^Wood  Payembnts  in  thb  Mbtbopolis,  1884. 


Situation. 


Lambeth  .  . 
Hackney  .  . 
St.  Pancras  • 
Kensington  • 
Greenwich  • 
Fulham  .  • 
Marylebone  • 
Shoreditch  • 
Poplar  .  .  • 
Hampstead  • 
Faddmgton  . 
St.  George's, 

Hanover  Square 
Chelsea      .    . 
St.    G^rgo*s-in 

the-East  .  . 
Newington  • 
Citj      .    •     • 


MUes. 

Area. 

Sq.  Yds. 

8 

16,000 

... 

1,000 

H 

33,593 

9 

167,798 

— 

600 

u 

22,000 

3 

80,000 

— 

1,050 

i 

2,400 

500 

n 

133,457 

8 

109,486 

2} 

49,500 

^_ 

577 

4 

6,600 

118,300 

Situation. 


Miles. 


Bermondsey 
Westminster 
Clapham   . 
Limehouse 
Southwark 
Whiteohapel 
St.  Luke's 
Holbom    . 
St.  Giles    . 
St.  James', 

Westminster 
Strand  .  . 
St.  Saviour's  . 
St.    Martin  -  in 

the-Fields  . 
St.  Olave  .  . 
Metropolitan 

Board  of  Works 


i 


Area. 


8q.  Yd8. 

410 

76,967 

4,000 

1,000 

3,000 

4,000 

2,166 

16,644 

14,200 

53,000 
8,000 
1,400 

50,000 
2,000 

885 


CHAPTER  XVni. 

COST  AND  WEAR  OF  WOOD  PAVEMENTS. 

Cost, — ^The  first  cost  of  wood  pavements  formerly  used 
in  the  Oily  of  London,  including  foundation,  but  not  exca- 
Yatiouy  was  as  follows : — 


iMPaoTBD  Wood. 

Laid. 

lirstoost. 

King  William  Street 

1873 

188.  Od.  per  square  yard 

Ludgate  Hill .... 

1873 

188.  Od. 

>» 

>» 

Great    >  Tower     Street     and 

Seething  Tiane 

1873 

168.  Od. 

j> 

f> 

Bartholomew  Tjane 

1871 

168.  Od. 

n 

n 

Cabby's  Wood. 

Bartholomew  Tjane 

1872 

128.  6d. 

n 

ft 

Houndsditch  .        .        «        . 

1874 

138.  6d. 

>r 

»t 

Mowlbm'b  Wood. 

Duke  Street  .... 

1873 

158.  3d. 

M 

>• 

Houndsditch  • 

1874 

178.  Od. 

>» 

n 

The  Asphaltic  Wood  Pavement  has  been  laid  in  Bristol 
for  14«.  Qd,  per  square  yard. 

With  regard  to  the  cost  for  maintenance  of  wood  paving, 
the  Improved  Wood  Company  contracted  to  maintain  the 
pavements  of  King  William  Street  and  of  Ludgate  Hill, 
1  year  free,  and  15  years  at  1«.  6rf.  per  square  yard  per 
year;  and  the  pavements  of  Great  Tower  Street  and  Seething 
Lane,  1  year  free,  and  15  years  at  1«.  3(^.  per  square  yard. 
These  terms  are  equivalent  to  a  total  cost  per  square  yard 
per  year  for  16  years,  of  2«.  Q\d,  for  the  first  and  second 
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streets,  and  2s.  2d»  for  the  third.  But  in  King  William 
Street,  the  pavement  was  renewed  three  years  after  it  was 
first  laid ;  so  that  the  actual  total  cost  must  have  been 
something  considerably  greater  than  the  contract  cost. 

The  Asphaltic  Wood  Paving  Company  maintained  the 
Bristol  pavement  for  U.  per  square  yard  per  year  for  10 
years;  equivalent  to  a  total  cost  for  this  period  of  28.  5 id. 
per  square  yard  per  year. 

Messrs.  Mowlem  and  Co.  maintained  the  pavement  of 
Duke  Street  for  2  years  free,  and  3  years  at  Is,  per  square 
yard  per  year.  Also,  the  Houndsditch  pavement  for 
2  years  free,  and  5  years  at  9d,  per  square  yard  per  year. 

Mr.  Carey  maintained  the  Houndsditch  pavement  for 
2  years  free,  and  5  years  at  Is,  per  square  yard  per  year. 

Mr.  G.  J.  Crosbie  Dawson  gave  in  1876  the  cost  of  the 
Ligno-Mineral  Pavement  as  follows : — 

Hard  wood,  IncladiDg  conorete  foundation  . 
Maintenance  for  10  years,  after  the  first  2  years 
Yellow  deal,  including  concrete  foundation 
Maintenance  for  10  years,  after  the  first  2  years 
Footways,  including  foundations         •        • 

The  price  of  Henson's  pavement,  as  laid  in  Oxford 
Street,  was  12«.  per  square  yard,  if  only  2  inches  of  Port- 
land cement  concrete  was  required ;  and  14«.  if  with  6 
inches  of  the  same  concrete. 

Mr.  Ellice-Clark  gave,  in  1876,  the  cost  for  wood  pave* 
ments,  as  laid  in  Derby,  as  follows : — 


Per  square  yard. 

• 

14s. 

6d. 

• 

Os. 

8d. 

• 

lis. 

6d. 

• 

Os. 

lOd. 

• 

6a. 

Od. 

Wood.— BsRBT. 

Fint  ooft 
per  eq.  yard. 

Period  of 
malntenaooe. 

Coet 
per  year. 

Total 
annual  cost 
per  year. 

Carey 
Asphaltic  Wood 

.     14s.  9d. 
.     14s.  3d. 

10  yrs. 
13    „ 

Is.  5d. 
Os.  7d. 

2s.  10|d. 
Is.    Sjd. 

Tiigno-Mineral  :— 
Yellow  deal 

.     lis.  6d. 

17   „ 

Is.  IJd. 

Is.    9}d. 

Hard  wood. 

.     14s.  6d. 

17   „ 

Os.  5}d. 

Is.    3id. 

Improved  wood . 

.     15s.  Od. 

16   „ 

Os.  9id. 

Is.    8^d. 
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Except  Carey's  Wood,  and  the  Improved  Wood,  tlie  cost 
for  a  foundation  of  concrete  is  included,  but  no  excavation. 

That  wood  pavement,  properly  seasoned  and  properly 
laid,  with  watertight  joints,  whether  lime-grouted  or 
asphalted,  may  last  for  many  years  without  suffering 
decomposition,  has  been  amply  demonstrated  by  the  expe- 
rience of  Carey's  pavements  in  the  City  of  London,  which 
were  laid  in  1841.  In  New  York  it  was  formerly  estimated 
that  the  wood  pavements  became  worn  out  and  useless 
at  the  rate  of  25  per  cent,  per  annum.  This  failure 
arose,  not  from  simple  wear,  but  from  decay ;  and  the 
process  of  disintegration  was  much  accelerated  by  the 
constant  wear  and  pressure  from  the  wheels  of  vehicles, 
and  by  the  sudden  changes  of  temperature  which  charao- 
tise  the  cKmate. 

The  price  of  wood  paving  as  laid  in  the  City  of  London 
at  the  present  time  (1901),  by  the  Improved  Wood  Paving 
Company,  is  7«.  6d.  per  superficial  yard  for  blocks  3  ins. 
by  9  ins.  by  6  ins.  in  depth,  pickled  in  creosote  oil,  and  laid 
with  J-in.  joints,  run  in  with  asphalte  and  cement  grouting 
and  top  dressing,  etc.  When  blocks  3  ins.  by  9  ins.  by 
5  ins.  in  depth  are  employed,  the  price  is  6«.  6d,  per  yard 
superficial.  The  cost  of  a  bed  or  foundation  of  Portland 
cement  concrete,  floated  on  a  firm  surface,  and  6  ins.  in 
depth  to  receive  the  blocks,  is  3«.  per  yard  superficial.  The 
cost  per  square  yard  including  foundation,  but  exclusive 
of  anv  excavation  of  surface,  is  therefore  10«.  6d,  and 
9«.  6d.  respectively,  per  yard  super. 

Mr.  J.  P.  Norrington  gives  the  estimated  relative  cost  of 
karri,  jarrah  and  creosoted  deal  to  be  as  follows :  Karri 
blocks,  9  in.  by  3  in.  by  4  in.  deep,  price  per  yard  10*.  6d., 
estimated  duration  16  years.  Jarrah  same  sized  blocks, 
price  per  yard  11«.  6d,,  estimated  duration  14  years.  Deal 
creosoted  blocks  9  in.  by  3  in.  by  5  in.,  price  per  yard, 
7«.  6d.y  Estimated  duration  8  years. 
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Tablb  No.  34a.— Firbt  Ooar  of  Wood  Pavements  in  the 

MsTBOPOiJS. — Stanton, 


Situation. 


Ludgate  Hill    .     . 
Aldersg^ie  Street  . 
Northumberland 
Ayenue.     .    . 
Leadenhall  Street . 
Parliament  Street . 
Oxford  Street  »    . 
Strand     .     •    •    . 
Fleet  Street.    .     . 
Brompton  Road 
High  Holbom .     . 
Kegent  Street  .     . 
Oxford  Street  •    . 

Oxford  Street  .    . 

Leadenhall  Street . 
Oxford  Street  .    . 
Fleet  Street .    .    . 
Brompton  Road 
Enston  Road    .     . 

Pall  Mall.    .    .    . 

Regent  Street   .     . 

Coleman  Street.     . 

Gannon  Street  .     . 

High  Street,  Ken- 
sington .     .     •     . 

Fulham  Road  .     . 

High  Street,   Not- 
tmgHill    .    .     . 

Oxford  Street   .     . 

Edgware  Road .  . 
Sloane  Street  .  . 
King's  Road  ^.     . 

t> 


» 


99 


ft 


Praed  Street 


Axeain 

When 

Square 
Yards. 

Laid. 

2,824 

1873 

6,884 

1874 

6,100 

1876 

2,177 

1876 

1,672 

1880 

3,838 

1876 

9,242 

1877 

2,614 

1877 

5,960 

1878 

5,742 

1879 

6,578 

1880 

6,980 

1875 

4,114 

1875 

1,788 

1876 

6,301 

1876 

3,541 

1877 

7,148 

1878 

6,000 

1880 

7,600 

1879 

11,053 

1880 

2,291 

1875 

9,061 

1874 

1,714 

1877 

1,687 

1878 

7,102 

1878 

12,861 

1878 

14,639 

1880 

13,624 

1879 

14,253 

1879 

756 

1879 

194 

1879 

300 

1879 

131 

1879 

7,239 

1879 

Syitem. 


Improved 


»» 


)» 


Asphaltic 
» 

» 

it 
Henson's 


>» 

ti 

ti 

Lloyd's 
"  Key^  '• 

i> 

Ligno-mineral 

Carey 

Plain 
>» 

fi 

>» 

9* 

Pitch-pine 
Creosoted  \ 
blocks     r 
&  mastio  ( 
joint     / 
do.  &  lime  joint 
Asphalte  bed 
Plam 


Cost  pear 

Square 
Yard. 

s. 

d. 

18 

0 

16 

0 

15 

0 

12 

3 

13 

8 

15 

6 

13 

6 

15 

0 

13 

9 

15 

4 

12 

6 

16 

6 

16 

6 

18 

6 

14 

0 

16 

0 

12 

9 

11 

6 

8 

5 

13 

9 

13 

6 

13 

6 

14 

0 

14 

0 

12 

6 

8 

4J 

8 

4J 

10 

6 

10 

6 

11 

8 

14 

2 

11 

10 

12 

4 

10 

7 

Remarks. 


f  Exclusive 
i  of  ooncrotc 
Lfoundation 


On2in. 

extra 

concrete 


On  exist- 
ing con- 
crete 


On  exist- 
ing con- 
crete 


9> 
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Comparison  between  Hard  and  Soft  Wood  Pavements. — Mr. 
Smith,  in  drawing  a  comparison  between  roads  paved  with 
hard  and  soft  woods,  estimates  the  average  life  of  deal 
blocks  to  be  seven  years,  the  cost  of  laying  the  blocks, 
exclusive  of  foundations,  at  5«.  6d.  per  superficial  yard, 
and  the  annual  cost  of  maintenance  at  5d,  per  superficial 
yard,  thus  making  the  cost  of  a  wood-paved  road,  calculated 
to  sustain  a  daily  trafiic  of  1,200  tons  per  yard  width  of 
road  for  a  period  of  twenty-one  years,  17«.  9d,  per  super- 
ficial yard.  In  Sydney  the  cost  of  a  similar  work  for  an 
equal  period  (exclusive  of  foundations),  in  which  Australian 
hard  woods  are  used,  is  only  9«.  9d.  for  a  close- jointed 
paving ;  and  10«.  Sd.  per  superficial  yard  for  a  paving  in 
which  i-inch  or  f-inch  bituminous  joints  are  introduced. 

Table  No.  34b.— Report  of  the  Special  ComarTEE  of  the 

Paddinoton  Vestbt. 


Clags  of  Road. 

Soft  wood  at  78.  per 
square  yard. 

Hard  woods  at 

lis.  8d.  per  square 

yard. 

Estimated 
Life. 

Ciostpor 
square  yard 
per  annum. 

Life  required  for 

cost  of  this  wood  to 

be  equal  to  cost 

of  soft  wood. 

Fraed  Street      .... 

BoacUi  with  heavy  traffic 
„        „     ordinary  „ 
jf        f*     light        „ 

5  years 

6  „ 

74    » 
9      „ 

s.      d. 
1     4-8 
1     2 
0  11-2 
0    9-3 

8  years 

n  ,, 

12    „ 
15    „ 

The  total  area  of  wood  paving  in  Paddington  is  now  about 
168,300  square  yards.  Assuming  the  average  life  of  the 
present  soft  wood  to  be  seven  years,  the  renewal  thereof, 
according  to  the  present  system,  will  amount  to  about 
£60,500.  This  necessitates  a  yearly  expenditure  for 
renewals  of,  say  £8,750.  The  cost  of  the  renewals  with  hard 
wood  would  be,  say,  £96,800.  Allowing  the  hard  wood  a 
life  of  twelve  years  only,  the  yearly  renewals  would  cost 
£8,070,  showing  a  saving  of  £680  per  annum.    A  longer 
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life  would  show  a  larger  saying.  The  oommittee,  there- 
fore,  consider  they  would  be  fully  justified  in  estimating 
an  increased  saving.  There  is,  however,  no  doubt  that  on 
roads  with  heavy  traffic  the  saving  would  be  very  great. 
The  committee  consider  that  a  sum  of  £8,000  should  be 
allowed  yearly  for  the  maintenance  of  wood  roads,  and  in 
the  event  of  a  larger  sum  being  required  in  any  year  the 
extra  charge  be  met  by  loan.  The  London  County  Council, 
who  fully  recognise  the  economy  of  hard- wood  roads,  will, 
for  renewal  of  such  material,  grant  a  loan  of  seven  years. 

The  cost  of  the  first  wide- jointed  pavements  laid  in 
Sydney,  according  to  the  city  surveyor,*  was  about  27«. 
per  yard  superficial,  including  all  labour,  materials,  &c., 
and  that  of  recent  pavement  with  close  joints  15«.  6d,  per 
yard. 

The  cost  of  wood  pavements  constructed  of  karri,  jarrah, 
and  creosoted  deal  respectively,  as  estimated  by  Mr.  J. 
P.  Norrington,t  are  given  in  the  following  table : — 

Table  No.  34  o.  .   ♦ 


Average 
Annual  Cost 

Description 

Area  in 

Price 

Total 

Pro- 
bable 

of  Repayment 
of  Loan,  at 

of 
Wood. 

square 
yards. 

per 
yard. 

Cost. 

Dura- 
tion. 

3^  per  cent., 

spread  over 

period  of 

duration  of 

Wood. 

8.     d. 

£ 

Years. 

£      8.     d. 

Karri  wood,  9  in.  by 

3  in.  by  4  in.  deep 

126,000 

10     6 

6,662 

16 

634  12     0 

Jarrah,  9  in.  by  3  in. 

by  4  in.  deep    .     . 

125,000 

11     6 

7,187 

14 

649     6     0 

Deid  creosoted,  9  in. 

by  3  in.  by  5  in. 

deep 

126,000 

7     6 

4,687 

8 

680     0     8 

*  See  Froeeedinffs  of  the  Association  of  Municipal  and  County 
EngineerB,  vol.  zxiii. 

t  See  Proeeedingi  of  th$  Association  of  Municipal  and  County 
Engineers^  vol.  zix. 
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Table  No.  34x>.^ANNtTAL  Ck)8T  or  Vasious  Wood 
Paybioents. — Stayton, 


Animal  coat  per 

Square  Yard 

TraAfi 

for  First  Cost, 

System. 

Situation 

weight 
per  yard 

width 
per  diem 

4  vk 

Benewals, 
Bepairs,  and 

Interest  on 
Loans  (exclu- 
sive of 

in 
Tons. 

Cleansing)  if 

Jb^^AW* 

spread  over  a 

period  of  fifteen 

years. 

8.     d. 

Plain     .     .     .     . 

81oane  Street .... 

279 

1     3f 

Henson's    .     .     . 

EustonBoad  .     .     .    . 

700 

1     6j 

Plain  (pitoh-pine) 
Creosoted    blocks 

King's  Boad  .... 

468 

1     6 

(lime  joint)  .     . 
Henson's    .    .     . 

»»           .... 

407 

1     6} 

Oxford  Street  (C)     .     . 

948 

1     8 

Plain     .     .     .     . 

King's  Eoad  .... 

651 

1      8; 

Improved  .    .     . 

LeadenhaU  Street    .    . 

808 

1     9} 

Asphaltic  .     .     . 

Strand 

1,100 

1  10 

Plain     •     .     .     . 

Edgware  Boad    .     .     . 
Oxford  Street .... 

584 

1  lOi 

>>         .     •     •     . 

1,164 

1  10: 

,» (asphaltic  bed) 

King's  Boad  .... 

498 

1  10 

Hanson's    .     .     . 

Oxford  Street  (E)     .     . 

1,191 

1  10: 

»          •     .     . 

Oxford  Street  (W)   .     . 

985 

1   10: 

Creosoted    blocks 

»         / 

V 

(mastic  joint)    . 

King's  Boad  .... 

434 

1  lOi 

Asphaltic  .     .     . 

Begent  Street.     .     .    . 
Aldersg^te  Street    .     . 

558 

2     0 

Improved  .     .    . 

— 

2    0 

»>         ... 

Northumberland  Avenue 

— 

2    0 

Asphaltio  .     .     . 

Fleet  Street    .... 

1,359 

2    0^ 

Henson's    .     .     . 

y»             ..... 

1,165 

2    1 

Improved  .     .     . 

Oxford  Street .... 

985 

2     1 

Asphaltic  .     .     . 

Brompton  Boad  .     .     . 

648 

2     1 

Henson's   .     .     . 

it            ... 

584 

2     U 

Improved  .     .    . 

Parliament  Street    .     . 

1,106 

2     ll 

Lloyd's.     .     .     . 

Begent  Street     .     .     . 
Oxford  Street      .     .     . 

568 

2    2 

Asphaltic   .     .     . 

1,137 

2    21 

Carey's.    .     .     . 

Cannon  Street     .     .     . 

— 

2    4 

Henson's    .     .    . 

Leadenhall  Street    .     . 

1,000 

2     84 

Improved  .    •    . 

Ludgate  Hill  .... 

1,236 

2    9| 

»>         .     .    . 

Piccadilly 

800 

3    0 

»»         .    •     . 

yy  (pitch  pine) 

Knightsbridge     .     .     . 
King's  Boad  .... 

780 
658 

3    0 
3    2 

19                •        •        . 

>»           •    •    •     • 

603 

3    2 
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The  section  of  the  Westminster  Bridge  Boad  amounting 
to  1,960  square  yards,  paved  with  jarrah  blocks  in  1889, 
cost  £1,096  lU.  9d,,  or  lU.  2*276(7.  per  square  yard. 

The  cost  of  wood  pavements  in  Pans,  according-  to  Mr. 
Delano,  writing  in  1884,*  was  approximately  2^  francs 
(19«.  2d,)  the  square  metre  on  an  average.  This  price, 
however,  includes  the  Paris  octroi  upon  cement  of  12 
francs  the  ton,  and  on  wood  of  7  francs  50  centimes  the 
cubic  metre,  which  is  about  equal  to  1«.  the  square  yard. 

Wear, — In  the  City  of  London,  the  abrasive  wear  of  wood 
pavement  in  the  lines  of  traffic  has  been  ascertained,  in  a 
few  instances,  by  direct  measurement,  to  be  approximately 
as  follows: — 


Tablb  No.  34b. 

1. 

Adelaide  Flaoe, 

Wood  Patehsnt. 

Time 
down. 

Vertioal  Wear. 
Total.        Per  year. 

2. 

3. 
4. 

London  Bridge 
Biahopsgate  St. 

Without 
Tower  Hill      . 
Bartholomew 

Improved  Wood  Co. 

do.           do. 
Carey's  •        •        • 

Syrs 
5    „ 

{inch 
3|    » 

*29inch 

•30  „ 
•70  „ 

5. 

Lane     . 
Gannon  St. 

do.      • 
do.      • 

•  • 

•  • 

6    ,• 

2i„ 

•15  „ 
•30  „ 

The  amounts  of  wear  in  the  first,  second,  and  fifth  in- 
stances are  practically  the  same,  namely,  '30  inch  per  year. 
The  widths  and  the  daily  traffics  at  the  places  where  the 
measurements  were  made,  may  be  taken,  for  the  first  in- 
stance, at  41  feet  and  16,000  vehicles  in  12  hours ;  and  for 
the  second  instance,  22  feet  and  8,000  vehicles.  For  the 
fifth  instance,  in  Gannon  Street,  the  measurement  was  made 
just  opposite  Mansion-House  Station,  where  there  is  much 
cross  traffic.  The  normal  traffic  is  upwards  of  6,000  vehicles, 
audit  maybe  taken  as  double,  or  12,000  vehicles,  at  this 

*  Froee^dingt  of  the  Imtitution  ^  Civil  Engineen^  1884,  yol.  IzxyiiLf 
p.  305. 
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spot,  with  a  width  of  36  feet.  The  oomparisoii;  then,  stands 
thus — 

Width 
of  street.     Traffic  per  day. 

1.  Adelaide  Place  .    41  ft.    16,000  vehicles,  or  390  vehicles  per  ft.  wide 

2.  Bishopsgate  St. 

Without   .         .     22  ft.      8,000        „      or  364      „  », 

6.  CaxmoQ  Street  .     36  ft.    12,000        „      or  333      ,,  „ 


362 


From  these  data,  it  appears  that,  for  a  traffic  of  362 
vehicles  in  12  hours  per  foot  of  width,  the  vertical 
wear  amounts  to  "300  inch  per  year.  The  wear  for  100 
vehicles  per  day  per  foot  of  width,  is,  therefore,  equal  to 
(•300  X  i^J  =)  -083  inch,  or  iV  inch  per  year. 

Two  trial  sections  of  Duffy's  wood  pavement,  recently 
examined  (April,  1901),  showed  the  following  results.  One 
section  was  laid  in  Copenhagen  Street,  Islington,  in  August, 
1898,  with  3-inch  Jarrah  blocks.  The  blocks  were  found 
to  have  worn  from  iV  inch  in  the  gutter  to  i  inch  in  the 
centre  of  the  roadway.  The  other  section  was  laid  in 
Bridge  Street,  Westminster,  in  August,  1899,  with  Si  inch 
blocks,  and  this  has  been  subjected  to  heavy  bus  traffic. 
The  blocks  in  this  case  were  found  to  have  worn  uniformly 
i  inch  from  the  gutter  to  the  centre  of  the  roadway.  In 
both  these  cases  the  blocks  were  worn  perfectly  level. 

As  regards  the  maximum  wear  allowable,  in  some  in- 
stances, ligno-mineral  and  other  wood  blocks  have  been 
worn  down  to  a  depth  of  2i  inches  before  they  were 
removed.  Sufficient  depth  of  block  is  required  for  stability, 
in  wood-paving  as  in  stone-paving;  and,  reasoning  by 
comparison,  it  would  appear  that  there  may  be  some  mistake 
in  limiting  the  depth  to  6  inches.  The  motive  for  this 
limitation  of  depth,  it  can  hardly  be  questioned,  is  one  of 
economy  in  first  cost ;  but  it  is  to  be  observed  that  Carey's 
earlier  wood-pavements  in  the  City  of  London,  which  had 
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8  inches  and  9  inches  of  depth,  far  surpassed  in  duration 
more  recent  pavements  having  only  6  inches  of  depth 
originally.  In  forecasting  the  amount  of  vertical  wear  to 
which  woodblocks  may  judiciously  be  subjected,  it  may  be 
premised  that,  for  equal  original  dimensions,  the  amount 
of  vertical  wear  may  be  at  least  as  much  for  wood  as  for 
stone-sets;  for  the  geometrical  form  of  the  wood-block 
admits  of  a  more  secure  and  more  permanent  joint  being 
made  than  for  the  roughly  squared  stone-set.  According 
to  Mr.  Clark  the  total  vertical  wear  may  be  taken  at 
1  inch  on  a  depth  of  6  inches,  and  4  inches  on  a  depth 
of  9  inches,  leaving  stumps  of  5  inches  to  be  removed. 
But  in  order  that  a  wood-pavement  should  be  capable  of 
undergoing  such  amounts  of  wear,  it  must  be  solidly  and 
rigidly  constructed  with  thoroughly  seasoned  close-grained 
wood  and  watertight  joints,  and  thoroughly  drained. 
Special  pavements,  as  already  mentioned  elsewhere,  may 
be  worn  down  very  much  thinner.  Time  must  also  be 
considered,  and,  in  making  estimates,  it  is  necessary  to 
impose  a  limit  to  the  duration  of  wood,  independent  of  the 
resistance  to  wear.  In  the  following  table,  compiled  by 
Mr.  Clark,  the  limit  of  endurance  is  taken  at  20  years : — 

Table  No.  35. — ^Wood  Fayeicent  : — ^Estimated  Dubation. 

Vertioal  wear,  -^  inch  per  year  per  100  vehicles  per  day  per  foot  of 

width. 


Traffic  per  foot  of 
width  per  year. 

Height  of  blocks. 
<S  inches.  |  7  inches.  |  8  inches.  |  9  inches. 

Maximum  amount  of  vertical  vear. 
1  inch.       2  inches.      3  inches.      4  inches. 

Vehiclea. 

.    100 
200 
300 
400 
600 

YeaVs. 

12 

6 

4 

3 

^ 

Years. 

20 

12 

8 

6 

5 

Years. 

18 

12 

9 

7 

Years. 

24 
16 
12 
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TABEa  No.  86a.— LiFB  ov  Vabzoxts  Wood  TAYBaaaxm^Siapton. 


Traffic 

Life  of  Wood  in 

Situation 

weight 
pervard 
width  per 

years.    - 

System. 

diemm 
tons. 

Actual. 

Estimated. 

ImpioTed    .     .    . 

Aldersgate  Street 

_^^ 

9-60 

^..^ 

ff          *     *     * 

Northumberland 

Avenue .    .     . 

~— 

— 

9-0 

Plain  (pitch  pine) . 

King's  Bead  .     . 

468 

— 

90 

Carey's  .... 

Gannon  Street    . 

— 

8-00 

— 

Henfion's     .    .    . 

Oxford  Street  (C.) 

948 

— 

8-0 

Creoeoted     blocks 

(mastic  joint)     . 

King's  Boad  .    . 

434 

— 

8*0 

Greofioted     blocks 

(lime  joint)  •    . 

>»         »i     •    • 

407 

•^ 

8-0 

iPlain 

Sloane  Street .    • 

279 

— 

8-0 

Henson's     .     .    . 

Oxford  Street  (E.) 

1,191 

7-84 

— 

»           ... 

»    (W.) 

985 

7-68 

— 

>»           ... 

Leadenhall  Street 

1,000 

7-60 

*— 

Improved    .    .     . 

Ludgate  Hill .     . 

1,236 

7-00 

— 

>>          ... 

Oxford  Street      . 

986 

7-00 

— 

,,  (pitch  pine) 

King's  Boad  .     . 

668 

7-00 

— 

Asphaltic    .    .     . 

Fleet  Street    .    . 

1,360 

— 

7-0 

Henson's     •     • 

if        »i        •     • 

1,166 

— 

7-0 

Improved    .     .     . 

Parliament  Street 

1,106 

— 

7-0 

>>          ... 

King's  Boad  .    . 

603 

— 

70 

Plain 

Edgware  Road    . 

584 

7*0 

»>••••• 

Kiz^sBoad  .     . 

561 

— 

7-0 

,,    (asphalt  bed) 

»»         >»      •     • 

498 

— 

7-0 

>»••••• 

Oxford  Street 

1,164 

— 

6-6 

Asphaltic    .     .     . 

Brompton  Boad . 

648 

— 

6-6 

Henson's     .     .     . 

)*            f*      • 

684 

— 

6-6 

Asphaltic    .     .     . 

Oxford  Street      . 

1,137 

6-20 

— 

Improved    .     .     . 

Leadenhall  Street 

808 

— 

60 

Asphaltic    .     .     . 

Begent  Street     • 

568 

— 

6-0 

Lloyd's  .... 

»»            w 

568 

— 

6-0 

Asphaltic    .    <k    . 

Strand  .... 

1,100 

6-60 

— 

Improved    .     .     . 

Knightsbridge    . 

780 

6-60 

— 

1 

1 

Lloyd's  .... 

Pall  Mall  .    .     . 

m^m^ 

6-00 

"■"■ 
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TabiiB  No.  35b.— GOXPABA.TXVB  Wbab  of  Wood  Fatbmbnts  as 

BBDUOBD  TO  TbAPFIO  STAJXDAXD—Stat/ion, 


• 

Weight 
per 

Depth 
annual 

Oomparatiye 
annual  wear  of 

System. 

yard 

width 

wood  as  reduced 
to  a  traffic 

per  day 

wear 
of 

standard  of  760 

of  16 

wood. 

tons  per  yard 

hours. 

width  per  diem. 

tons. 

inches. 

inches. 

•fleet  Street .     .    . 

Aflphaltio      .     . 

1,360 

0-456 

0-251 

LudgateHiU    .     . 

Improved      .     . 

1,191 

0-428 

0-259 

•Oxford  Street  .     . 

Henson's     (east 

section)      .     . 

1,165 

0-191 

0-120 

•Fleet  Street.    .     . 

Henson's  •    .     . 

1,164 

0-269 

0-173 

•Oxford  Street   .     . 

Plain  .... 

1,137 

0-475 

0-306 

•Oxford  Street  .     . 

Asphaltic      .     . 

1,106 

0-484 

0-319 

•Parliament  Street . 

Improved      .     . 

0-154 

•Leadenhall  Street . 

Henson's .    .     . 

1,000 

0-204 

0-104 

♦Oxford  Street  .     . 

Henson's    (west 

section)     .     . 

985 

0-329 

0-198 

•Oxford  Street  .     . 

Henson's(oentral) 

948 

0-323 

0-256 

•Leadenhall  Street . 

Improved      .     . 

808 

0-200 

0-186 

Brompton  Boad    . 

Asphaltic      .     . 

648 

0-373 

0-431 

King's  Boad    .     . 

Improved.     .     . 

603 

0-157 

0-195 

Brompton  Boad 

Henson's .     .     . 

684 

0-184 

0-236 

•Edgware  Boad.     . 

Plain  .... 

584 

0-198 

0-264 

•Regent  Street  .    . 

Asphaltic      •     . 

558 

0-286 

0-384 

•Regent  Street  .    . 

Lloyd's    .     .     . 

558 

0-214 

0-288 

King's  Boad     .     . 

Improved  (pitch 

pine)     .     .     . 

558 

0-089 

0-119 

if                 •      • 

Plain  .... 

551 

0-144 

0-196 

>>                 • 

Plain    (asphalte 

bed)      .    .    . 

498 

0-139 

0-209 

ti                 • 

Plain  (pitch  pine) 

468 

0-055 

0-088 

>»                   •      • 

Creosoted  blocks 

*»                  •      • 

(mastic  joint^  . 
Creosoted  blocks 

434 

0-139 

0-240 

(lime  joint)     . 

407 

0-111 

0-204 

Sloane  Street    .     . 

Plain   .... 

279 

0-066 

0-175 

•  Weight  of  traffic  taken  from  Mr.  Howorth's  paper  in  these 
instances. 


CHAPTER  XIX. 

ASPHALTE  PAVEMENTS. 

AsPHALTE  has  already  been  defined  as  a  bituminous  lime- 
stone, and  described  as  a  natural  rock  whicb  is  mined  like 
other  minerals.  Mr.  S.  Whinery,  however,  in  a  paper  on 
Asphalte  pavements,*  dealing  with  American  practice,  says : 
"An  asphalte  pavement  may  be  briefly  described  as  a  street 
pavement  of  artificial  sandstone,  composed  mainly  of  quartz 
sand  cemented  together  with  asphalte,  and  resting  upon  a 
proper  foundation.'' 

Obfections  to  Asphalte  as  a  paving  tnateriaL^^The  greatest 
objection  to  asphalte  paving,  and  one  applying  more 
especially  to  that  formed  of  liquid  asphalte,  or  asphaltic 
mastic,  even  when  the  very  best  materials  only  are  em- 
ployed, is  that  no  combination  takes  place  between  the 
concrete  foundation  and  the  asphalte,  the  nd>tural  result  of 
which  is,  that  the  pavement  is  liable  to  become  much  injured 
when  subjected  to  heavy  traffic,  frequently  becoming 
cracked,  and  thus  allowing  water  to  get  between  the 
asphalte  layer,  or  covering,  and  the  concrete  bed. 

When  compressed  mastic  is  employed,  it  is  absolutely 
essential,  in  order  to  insure  the  paving  being  as  efficient 
as  possible,  that  the  layer  of  asphalte  be  as  uniform  in 
density  throughout  as  is  practically  attainable,  and  be  thus 
capable  of  distributing  the  pressure  upon  it  uniformly  in 
every  direction  as  far  as  possible.    It  is  also  necessary  that 

*  Journal  of  thf  Association  of  Engineering  SoeiedeSf  Philadelphia, 
139i,  p.  488. 
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the  paving  or  layer  of  asphalte  should  form  a  perfect  in- 
ternal combination  with  it6  concrete  foundation-bed,  and  the 
asphalte  should  also  be  of  such  a  nature  as  to  admit  of  its 
being  laid  in  any  particular  thickness  to  meet  the  necessi- 
ties of  the  traffic  to  which  it  is  to  be  subjected. 

Unless  the  above  conditions  be  fulfilled  the  paving  will 
rapidly  become  deteriorated,  but  if  they  are  carefully 
carried  out  the  asphalte  layer  wiU  wear  away  in  a  fairly 
uniform  manner  over  its  entire  area  right  down  to  the 
concrete  foundation-bed,  and  this  latter  will  be  effectively 
protected  from  damage  through  access  of  water.  The 
obvious  result  of  such  a  condition  of  affairs  would  be 
great  economy  both  in  the  primary  construction  and  in  the 
subsequent  maintenance  of  the  paving. 

Another  objection  to  asphalte  pavement  is  that  when  the 
traffic  is  confined  to  narrow  limits  it  soon  forms  in  ruts, 
becomes  pushed  out,  and  requires  considerable  repairs. 
If  asphalte  paving  be  properly  constructed,  however,  and 
the  surface  or  wearing  coat  be  perfectly  hard,  and  not 
readily  affected  by  the  heat  of  the  sun  in  summer-time, 
and  the  traffic  be  evenly  distributed  over  a  street  of  suffi- 
cient width,  it  will  be  found  a  very  durable  pavement, 
even  for  localities  subjected  to  heavy  traffic.  A  street  in 
Cincinnati  paved  with  sheet  asphalte,  and  laid  on  6  inches 
of  concrete,  stood  wear  well.  It  was  first  thought  that  it 
would  not  be  able  to  withstand  heavy  traffic,  and,  indeed, 
for  some  time  the  contractor  had  a  considerable  amount  of 
repairs  to  execute,  as  the  foundation  sunk  in  places,  and 
these  depressions  had  to  be  filled  with  asphalte,  but  after 
this  it  presented  as  smooth  and  firm  a  piece  of  pavement 
as  could  possibly  be  seen,  and  this  street  was  much  used 
by  heavy  transfer  waggons  and  trucks,  the  drivers  choosing 
the  route  because  of  the  excellent  surface  for  wheeling. 

Asphalte  should  not,  however,  be  laid  on  a  steeper 
gradient  than  1  in  60. 


^  I 
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JF^st  use  of  Asphalts  Pavements, — ^The  employment  of 
aspHalte  for  the  carriage-way  of  streets  was  commenced 
in  Paris,  where,  in  1854,  the  Bue  Bergire  was  laid  with 
Yal  de  Travers  asphalte.  In  1858,  three  sides  of  the 
Palais  Boyal  were  laid  with  the  material,  which  was 
brought  to  the  ground  in  the  state  of  rock  crushed  into 
small  pieces,  and  was  heated  and  powdered  by  decrepi- 
tators.  The  foundation  of  concrete  was  about  6  inches 
thick;  the  asphalte  was  2*4  inches  thick  in  the  Eue  St. 
Honore  and  the  Bue  Bichelieu,  and  2  inches  in  the  Bue 
de  Valois.  The  price  was  20  francs  per  square  metre, 
or  13«.  4<i.  per  square  yard.  The  success  of  these  pave- 
ments was,  it  is  said,  complete,  in  spite  of  an  unpropitious 
season ;  and,  in  1859,  the  Bue  des  Petits  Champs  was  laid, 
but  the  conditions  were  unfortunate.  The  street  had 
been  occupied  by  drainage  works,  and  had  been  filled  with 
loose  soil  to  a  depth  of  from  10  to  13  feet.  On  a  4-inch 
bed  of  concrete,  2  inches  of  asphalte  was  laid ;  the  work 
was  carried  on  in  rain  and  snow,  and  in  January  the  street 
was  opened  for  traffic.  Cracks  in  the  roadway  immediately 
fippeared,  owing  to  the  constant  wet  during  the  process  of 
laying,  and  the  settling  of  the  soil.  Each  damaged  part 
was  repaired  in  succession.  The  price  paid  for  the  work  was 
15  francs  per  square  metre,  or  10«.  ^d,  per  square  yard, 
including  the  concrete  at  2  francs  per  metre,  or  1«.  ^d,  per 
yard.  This  price  was  to  serve  as  a  basis  for  future  pro- 
posals for  re-paving  streets  with  compoimd  asphalte : — ^to 
the  standard  of  4  inches  of  concrete,  and  2  inches  of  asphalte. 
The  conversion  of  the  street-pavements  into  asphalte  work, 
on  a  large  scale,  was  commenced  in  1867.  Seyssel-rock 
asphalte  was  laid  in  the  Bue  Bichelieu  and  elsewhere,'  and, 
according  to  report,  answered  perfectly  well. 

Foundations  for  Asphalte  Pavements, — It  has  been  already 
elsewhere  mentioned  that  it  is  an  absolute  necessity 
to    have   a    firm,    solid,    and    dry  substratum  for  road 
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materialB  to  rest  upon.  In  a  paved  street  the  concrete 
foundation  is  in  reality  the  paving  itself,  the  upper 
stratum  of  asphalte,  wood-bloqks,  or  other  material, 
being  only  the  wearing  surface,  and  it  depending  to  a 
large  extent  upon  the  former  for  how  long  a  period  the 
road  surface  will  remain  in  a  good  condition. 

Whatever  may  be  the  nature  of  the  wearing  surface  of 
the  pavement,  it  is  a  sine  qttd  non  that  the  foundation  upon 
which  it  is  laid  have  sufficient  strength  to  support  the 
heaviest  possible  loads  which  the  pavement  is  ever  likely 
to  be  called  upon  to  bear,  and  this  foundation  must  be  as 
nearly  of  an  indestructible  nature  as  it  is  possible  to  secure 
in  practice,  so  that  it  will  remain  permanently,  and  be 
fit  for  many  years'  use,  although  during  the  period  of  its  life 
the  wearing  surface  or  asphalte  layer  be  many  times  worn 
out  and  again  renewed.  The  best  foundation  is  un- 
doubtedly one  of  cement-concrete,  and  this  should  never 
be  less  than  6  inches  in  thickness,  and  for  heavy  traffic 
9  inches  in  thickness,  the  latter  thickness  being,  as  we 
have  before  mentioned,  used  in  Sydney  for  later  wood 
block  paving,  and  giving  incomparably  better  results  than 
the  6-inch  foundation  formerly  employed.  Some  authori- 
ties, however,  recommend  S  inches  as  being  a  sufficiently 
thick  foundation  for  streets  with  heavy  traffic,  for  instance, 
Mr.  8.  Whinery,  who  says:*  **The  most  efficient  founda- 
tion for  an  asphalte  pavement  is  a  bed  of  the  best  hydraulic 
concrete  extending  from  curb  to  curb,  which  in  streets 
with  heavy  traffic  should  be  6  inches  thick.  For  suburban 
streets  4  inches  of  good  concrete  will  suffice  to  give  satis- 
factory results." 

The  first  operation  is  to  excavate  the  roadway  to  the 
proper  depth,  and  the  next  should  be  to  well  roll  it  with  a 
heavy  roller   before  putting    down  the   concrete.      The 

*  See  Journal  of  the  Association  of  Engineering  Societies,  Phila- 
delphia, 189i. 
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concrete  being  laid  should  likewise  be  thoroughly  rolled, 
and  permitted  to  become  perfectly  set  and  made  as  compact 
and  smooth  as  possible  before  the  wearing  surface  is  added. 
Hie  necessary  degree  of  exactness  of  surface  is  best  insured 
by  the  use  of  a  templet  which  reaches  from  the  centre  of 
the  road  to  the  line  of  the  curb,  and  the  concrete  should  be 
made  to  correspond  accurately  to  this  templet,  so  that  it 
will  have  a  practically  uniform  and  solid  surface  which  will 
not  be  liable  to  settle  unevenly  at  any  particular  point. 
The  most  usual  practice  in  this  country  is  to  lay  the  concrete 
foundation  without  any  rolling  either  of  the  ground 
surface  or  of  the  concrete,  the  latter  being  only  patted 
down  in  a  very  superficial  manner  with  shovels.  Indeed, 
there  can  be  no  doubt  that  the  early  failures  of  many 
paving  works  are  due  to  the  careless  manner  in  which  the 
concrete  foundations  are  laid.  In  the  city  of  New  York 
much  of  the  asphalte  pavement  has  been  laid  upon  a 
foundation  consisting  of  old  stone  paving  blocks,  and 
several  macadamized  streets  have  been  also  covered  with 
asphalte. 

In  the  city  of  Washington*  many  miles  of  asphalte  and 
coal-tar  pavement  have  been  laid  down,  and  probably  in 
no  other  city  are  such  smooth  and  well-kept  streets  to  be 
seen.  In  Pennsylvania  Avenue  there  was  in  1890  asphalte 
pavement  which  had  been  laid  seventeen  years,  and  which 
even  then  was  in  fair  condition.  In  1 888  Washington  had 
74<i^  miles  of  asphalte  and  coal-tar  distillate  pavements, 
2H  miles  of  granite,  12^  miles  of  cobble  and  blue  rock, 
and  8  miles  of  macadam.  ^The  assistant  engineer  in  charge 
of  street  improvements,  Oaptain  Symons,  writing  some  ten 
years  ago,  recommends  the  coal-tar  distillate  pavement, 
with  asphaltum  surface,  as  the  best  and  most  durable  for 
the  use  to  which  it  is  put.    An  asphalte  pavement,  he  says, 

*  Reports  of  the  Committee  of  One  Hundred  on  Street  Paving. 
City  of  Dayton,  Ohio. 
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should  be  constructed  on  a  concrete  foundation,  the  trouble 
heretofore  experienced  being  from  the  use  of  foundations 
less  unyielding.  The  asphalte  laid  on  this  is  from  2  to  2^ 
inches  thick,  and  is  composed  of  sand  and  stone  with  from 
5  to  15  per  cent,  of  asphaltum,  used  simply  as  a  binding 
material. 

The  surveyor  of  Eochester,*  N.Y.,  also  writing  some  ten 
years  back,  gives  asphalte  or  vulcanite  the  preference  for 
both  heavy  traffic  as  well  as  light  traffic,  stating  that  as 
f  nr  as  his  experience  extends,  it  is  less  expensive  to  keep 
in  repair  than  stone  blocks  or  setts,  and  ease  of  traction  is 
very  much  in  its  favour. 

From  the  above  it  wiU  be  seen  that  a  practically  uniform 
system  is  now  employed  for  laying  asphalte  pavement  in 
all  cities,  viz.,  a  solid  bed  of  concrete  is  used  for  a  founda- 
tion, upon  which  the  asphalte  wearing  surface,  about  2 J 
inches  in  thickness,  is  laid,  the  greatest  care  being  requisite 
in  the  careful  preparation  of  the  surface.  The  procedure 
of  the  various  companies  employing  natural  asphalte  is 
briefly  as  follows  :  The  natural  asphaltic  rock,  in  the  same 
state  in  which  it  is  quarried  out  of  the  mines,  is  broken 
up  in  a  stone-breaking  machine  into  pieces  of  about  3 
inches  square.  These  pieces  are  then  further  reduced  in 
size  by  passing  them  through  a  machine  provided  with 
toothed  rollers,  and  Anally  are  thoroughly  disintegrated  in 
a  machine  having  smooth  rollers.  The  powdered  asphalte 
thus  produced  is  then  heated  in  rotating  cylinders  to  a  tem- 
perature of  about  280  degrees  Fahrenheit,  and  is  trans- 
ported in  carts  to  the  streets  where  it  is  to  be  used,  and  is 
there  spread  upon  the  concrete  foundation,  and  raked  with 
heated  iron  rakes  until  it  forms  a  layer  of  loose  powder  of 
an  imiform  depth  of  about  twice  the  thickness  which  it  is 
to  be  when  compressed,  and  the  latter  operation  is  then 

*  Reports  of  the  Committee  of  One  Hundred  on  Street  Pa?iiig. 
City  of  Dayton,  Ohio. 
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rapidly  performed  by  pounding  with  heated  iron  rammers. 
At  a  certain  stage  the  surface  is  lightly  dusted  with 
hydraulic  cement,  after  which  the  pounding  is  continued 
until  such  time  as  the  pavement  is  found  not  to  give  any 
more  beneath  the  rammer, 

AsPHALTB  Pavements  in  the  City  of  London. 

The  first  pavement  in  asphalte,  laid  in  the  City  of 
London,  was  laid  of  compressed  Val  de  Travers  asph«ilte, 
in  Threadneedle  Street,  near  Finch  Lane,  in  May,  1869. 
The  next  pavement  was  laid,  in  October,  1870,  in  Cheap- 
Bide  and  the  Poultry.  Asphaltic  pavement  waa  rapidly 
extended  to  other  streets  in  the  City,  until,  at  the  end  of 
1873,  the  total  area  of  carriage-way  covered  by  asphalte 
amounted  to  about  61,000  square  yards,  extending  over 
7,484  lineal  yards,  or  4 J  miles,  of  thoroughfare.  From 
these  data,  it  appears  that  the  average  width  of  car- 
riage-way so  laid  was  24  feet  4  inches.  The  details  are 
given  in  a  following  table.  Meantime,  the  various  kinds 
of  asphaltic  pavements  that  have  been  laid  and  tried  in 
the  City  of  London,  are  now  to  be  described.  The  par- 
ticulars for  description  have  been  gleaned,  for  the  most 
part,  from  Colonel  Haywood's  reports. 

Val  de  Travers  Compressed  Asphalte  Pavement, — Carriage- 
ways are  constructed  with  a  foundation  of  concrete,  of 
from  6  to  9  inches  in  thickness,  according  to  the  traffic  in 
the  street.  The  rock  in  its  natural  state  is  broken  up  and 
reduced  to  powder  by  exposure  to  heat  in  revolving  ovens. 
It  is  then  lodged  in  iron  carts  with  close-fitting  covers, 
and  brought  upon  the  ground,  taken  out,  laid  over  the 
surface,  and,  whilst  hot,  compressed  with  heated  irons  into 
a  homogeneous  mass  without  joints.  The  finished  thick- 
ness is  from  2  to  2i  inches,  according  to  the  traffic,  and 
the  material  is  further  compressed  and  consolidated  by  the 
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action  of  the  traffic :  by  as  much  as  20  or  25  per  cent., 
according  to  the  statements  of  the  Company. 

The  pavement  laid  in  Threadneedle  Street,  already 
noticed,  was  laid  on  a  foundation  of  concrete  8  inches 
thick ;  a  coating  of  mastic,  ^inch  thick,  was  laid  over  the 
concrete,  and  over  this,  2  inches  of  Val  de  Travers  com- 
pressed asphalte.  The  mastic  was  applied  to  expedite  the 
work ;  but  it  has  not  been  used  in  any  other  pavement 
formed  in  the  City. 

The  next  pavement  that  was  laid, — in  Cheapside  and 
the  Poultry, — ^was  2J  inches  thick,  with  a  foundation  of 
concrete,  9  inches  thick.  The  cost  was  la.  9d,  per  square 
yard  for  concrete,  and  16«.  3d.  for  asphalte :  together,  18«. 
per  square  yard. 

Val  de  leavers  Mastic  Asphalte  Pavement. — ^In  laying  this 
pavement,  the  rock  is  ground  to  a  fine  powder,  and  placed 
in  caldrons  on  the  ground,  with  an  addition  of  from  5  to 
7  per  cent,  of  bitumen.  When  heated,  it  becomes  semi- 
fluid ;  then,  60  per  cent,  of  grit  or  dry  shingle  is  added  to 
the  melted  mass,  and  after  having  been  thoroughly  mixed, 
the  compound  is  spread  over  the  bed  of  concrete  in  one 
layer.  In  March,  1871,  George  Yard,  Lombard  Street,  was 
paved  with  this  mastic  asphalte,  in  a  layer  IJ  inches  thick, 
on  a  bed  of  concrete  6  inches  thick.  The  price,  including 
concrete,  was  12*.  per  square  yard. 

Ztmmer  Mastic  Asphalte  Pavement. — The  rock  is  broken 
up  and  mixed  with  clean  gi*it  or  sand,  of  different  sizes, 
according  to  the  place  in  which  the  pavement  is  to  bo  laid. 
A  small  quantity  of  bitumen  is  added  to  the  materials. 
The  mixture  is  heated  and  made  liquid  in  caldrons  on  the 
spot,  and  the  compound  is  run  over  the  surface  of  the 
foundation  of  concrete,  and  smoothed  with  irons  to  the 
required  profile.  It  is  run  in  two  layers,  the  lower  of 
which  is  made  with  grit  of  a  larger  size  than  that  of  the 
upper  layer.   The  total  thickness  of  asphalte,  when  finished, 
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is  from  1)  to  2  inches,  according  to  the  traffic.  This 
asphalte  was  first  laid  in  Lombard  Street,  and  the  pavement 
was  finished  in  May,  1871.  The  concrete  was  9  inches,  and 
the  asphalte  2  inches  thick.  The  price  of  the  concrete 
was  2«.  Sd.,  and  of  the  asphalte  13«.  4d. ;  together,  16«.  per 
square  yard. 

BarnetVa  Liquid  Iron  Asphalte  Pavement. — This  is  made 
either  of  natural  or  artificial  asphalte,  mixed  with  pulverised 
iron  ore  or  sesqui-oxide  of  iron,  and  a  small  proportion  of 
mineral  tar.  The  materials  are  heated  in  a  caldron,  and 
melted,  then  run  over  the  surface,  and  smoothed  like  other 
liquid  asphaltes.  The  usual  thickness  is  2^  inches.  It  was 
first  laid  in  Moorgate  Street,  in  October,  1871.  The  price 
was  138,  6d,  per  square  yard,  exclusive  of  foundation. 

Patent  British  Asphalte  Pavement, — This  pavement  does 
not  contain  any  natural  asphalte.  It  is  composed  of  cer- 
tain oils,  caustic  lime,  pitch,  sawdust,  and  iron  slag  or 
grit  ground  to  a  powder.  The  mixture  is  heated  in  a 
boiler,  and,  in  a  semi-liquid  state,  run  over  the  surface  of 
a  bed  of  concrete.  This  pavement  was  laid  next  the 
Trinidad  asphalte,  in  Princes  Street,  in  July,  1872,  at  the 
price  of  12«.  per  square  yard.  By  the  month  of  December, 
it  had  suffered  severely  from  the  wear  of  the  traffic,  by 
which  it  was  pulverised ;  and,  after  having  been  repaired, 
ineffectually,  it  was  taken  up  in  the  same  month  and  re- 
placed by  the  Val  de  Travers  Asphalte. 

Montrotier  Compressed  Asphalte  Pavement. — This  is  a 
natural  asphalte  from  the  mines  of  Montrotier,  in  the 
department  of  Haute  Savoie,  France.  It  was  laid  as 
heated  powder,  in  Princes  Street,  at  the  north  side,  and 
compressed  with  rammers  in  the  same  manner  as  the  Yal 
de  Travers  asphalte.  The  work  was  completed  in  August, 
1872.    Price  15«.  per  square  yard. 

The  compressed  asphalte  of  the  Soeiete  Franqaise  dee 
Asphalte  is  brought  from  the  mines  of  Garde  ^ois  in 
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Seyssel.  It  was  laid  2f  inches  in  tliicknessy  in  Princes 
Street,  in  July,  1872,  on  9  inches  of  concrete.  The  price 
was  I4s,  9d.  per  square  yard. 

JUaestu  Compound  Asphalte. — ^This  asphalte  is  brought 
fi'om  mines  at  Maestu,  in  Spain.  The  pavement  is  formed 
of  blocks  of  asphalte  compressed  into  the  shape  of  bricks, 
about  6^  inches  wide,  2f  inches  thick,  and  13  inches  long, 
laid  on  a  bed  of  concrete,  and  the  joints  grouted  with 
bitumen.  This  pavement  was  laid  in  Threadneedle  Street, 
in  December,  1871,  at  the  price  of  12«.  per  square  yard. 
It  failed  at  places,  owing  to  defective  concrete ;  and,  after 
having  been  repaired,  it  was  taken  up  in  January,  1872, 
H  month  after  it  was  laid. 

Stono^a  Slipleis  Asphalte, — ^A  foundation,  9  inches  thick, 
is  composed  of  a  peculiar  cement,  compressed  while  in  a 
fluid  state  by  machinery,  under  a  pressure  of  1121bs.  per 
square  inch.  A  layer  of  asphalte,  2^  inches  thick,  in  a 
heated  state,  was  laid  on  this  foimdation;  it  was  com- 
posed  of  tar,  cement,  sand,  and  lead-ore,  subjected  to  com- 
pression as  the  concrete  was.  A  specimen  of  the  pave- 
ment was  laid  in  King  WiUiam  Street,  neeur  Nicholas 
Lane,  in  July,  1873 ;  but  it  failed  to  sustain  the  traffic, 
and  was  taken  up  in  September,  after  having  been  down 
only  5  or  6  weeks. 

Bennetfia  Foothold  Metallie  Asphalte, — ^This  pavement  con- 
sisted of  blocks  about  2  feet  square  and  4  inches  thick. 
The  lower  portion — 3  inches  thick — of  the  blocks  is  com- 
posed of  British  manufactured  asphalte  and  burnt  ballast. 
The  superstratum  of  the  blocks,  1  inch  thick,  is  composed 
of  foreign  asphalte,  bone-dust,  sulphate  of  lime,  and  cer- 
tain metallic  substances,  including  lead.  The  strata  were 
fused  together.  Portions  of  the  superstratum,  6  inches  in 
diameter,  at  8i-inch  centres,  were  raised  above  the  general 
level  of  the  surface,  and  made  hard  by  some  process,  with 
the  object  of  increasing  the  wearing  powers  of  the  pave- 
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ment,  and  to  preserve  its  convexity.  A  specimen  of  the 
pavement  was  laid  in  King  William  Street,  near  Nicholas 
Lane,  in  October,  1873;  but,  failing  to  sustain  the  traffic, 
it  was  taken  up  in  January,  1874,  after  having  been  down 
three  months. 

lAllie^s  Composite  Pavement — ^This  pavement  was  com- 
posed of  asphalte,  wood,  and  broken  granite.  A  specimen 
for  trial  was  laid  in  Lombard  Street. 

McDonnelVs  Adamantean  Concrete  Pavement, — ^This  material 
was  composed  of  blocks  made  of  broken  stone,  chalk,  lime, 
and  clay,  mixed  with  vegetable  or  mineral  pitch  or  tar. 
A  portion  of  the  carriage-way  of  Garter  Lane  was,  in 
April,  1869,  paved  with  this  material.  The  blocks  were 
18  inches  long,  12  inches  wide,  and  6  inches  deep;  they 
were  laid  with  f-inch  joints,  upon  a  solid  foundation, 
and  run  up  with  an  asphaltic  composition.  The  price 
was  20«.  per  square  yard.  The  pavement  showed  a 
serious  degree  of  wear  at  the  end  of  the  first  year  after 
it  had  been  laid;  and  at  the  end  of  18  months  it  had  to 
be  extensively  repaired  by  the  contractor,  according  to  the 
terms  of  his  contract.  In  1872,  it  was  in  such  a  bad  con- 
dition, that,  not  having  been  repaired  by  the  contractor, 
it  was  taken  up  in  September  of  the  same  year,  after 
having  been  down  3  years  and  5  months.  The  traffic  of 
the  Lane  did  not  exceed  700  vehicles  in  24  hours. 

Whinery^e  Asphalte  Pavement. — This  pavement,  which  con- 
sists of  quartz  sand  cemented  together  with  asphalte,  is  to 
be  laid  according  to  the  following  directions* :  ''The  sand 
should  be  quite  fine,  with  grains  of  various  sizes  and 
having  sharp  edges.  Limestone  should  be  ground  to  an 
impalpable  powder,  and  residuum  petroleum  oil  should 
be  mixed  with  the  asphalte.  The  refined  asphalte  is 
melted  and  brought  to  a  temperature  of  about  300  degrees 

*   See  Journal  of  the  Attocialion  of  Engineering  Soeietiee,  Hiila- 
delphia,  1894. 
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Fahrenheit,  and  after  adding  about  17  per  cent,  of 
residuum  oil  in  order  to  soften  it,  the  whole  should  be 
thoroughly  mixed  by  blowing  air  into  the  bottom  of  the 
vessel  in  which  the  composition  is  heated.  The  air 
keeps  the  fluid  mass  in  constant  motion,,  thus  securing 
the  most  perfect  combination  of  the  two  materials,  and 
the  resulting  compound  is  called  asphaltic  cement.  The 
selected  sand  is  also  dried  and  heated  to  a  temperature  of 
about  320  degrees  Fahrenheit  in  revolving  drums  placed 
in  a  furnace  suitable  for  the  purpose,  and  all  grains, 
pebbles,  &c.,  above  a  given  size  should  be  removed  by 
screening.  The  necessary  amount  of  pulverised  limestone 
is  then  added  to  the  sand,  and  the  several  ingredients, 
in  the  proportion  of  77  parts  by  weight  of  sand,  10  of 
limestone,  and  13  of  asphaltic  cement,  are  next  poured 
into  a  mechanical  mixer  with  two  sets  of  interlocking 
revolving  blades,  which  very  thoroughly  mix  the  materials 
with  each  other  in  about  one  minute;  after  which  it  is 
conveyed  in  carts  to  the  street  and  laid  upon  the  previously 
prepared  foundation  in  two  successive  layers,  of  which  the 
lower  is  called  the  cushion  coat  and  made  about  5  per  cent, 
richer  in  asphalte  than  the  surface  coat.  After  being 
evenly  spread  over  the  surface  with  shovels  and  rakes, 
each  layer  should  be  successively  compressed,  first  by  a 
hard  roller,  and  then  by  a  steam  roller  weighing  from  5 
to  10  tons,  the  rolling  being  continued  as  long  as  the  roller 
will  make  the  slightest  impression  on  the  surface." 

TVinidad  Asphalte  Pavement,  —  Trinidad  asphalte  comes 
from  the  Pitch  Lake  in  the  Island  of  Trinidad,  in  the 
British  West  Indies,  and  is  the  property  of  the  British 
Government.  Under  a  concession  from  the  Crown  the  New 
Trinidad  Lake  Asphalte  Company,  Ltd.,  has  the  right  to  dig 
and  export  this  Asphalte  upon  paying  a  royalty  and  export 
duty  of  6«.  Qd,  per  ton,  and  as  the  amount  paid  last  year 
(1900)  to  the  Crown  reached  the  respectable  sum  of  £45,000, 
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it  will  be  seen  that  the  company  is  doing  a  considerable 
amount  of  business. 

As  originallj  laid  this  pavement  consisted  of  a  compound 
of  Trinidad  pitch,  broken  stone,  chalk,  and  other  ingredients 
comminuted  and  mixed  together,  and  laid  as  a  heated 
powder.  A  piece  of  this  pavement  was  laid  in  Princes 
Street,  in  June,  1872,  for  which  the  price  was  IO4.  Sd.  per 
square  yard.  This  pavement  showed  signs  of  wear  directly 
it  was  opened  for  traffic.  It  was  continually  under  repair, 
but  it  got  cut  to  pieces,  and  was  taken  up  in  the  end  of 
October,  and  replaced  by  Yal  de  Travers  Asphalte. 

Compressed  Trinidad  asphalte  roads  are  now  laid  as 
follows:  asphalte  surface,  H  inches;  binder  (bituminous 
concrete),  1  inch ;  Portland  cement  concrete,  5  inches.  This 
asphalte  is  laid  hot,  raked  into  position,  then  compressed 
by  rolling  to  the  required  thickness. 

The  asphalte  surface  analyses  as  follows  :  asphaltic 
cement,  12  to  15  per  cent. ;  sand  and  other  mineral 
material,  88  to  85  per  cent. 

Compressed  Trinidad  asphalte,  with  a  binder  course,  can, 
it  is  claimed,  also  be  laid  with  the  advantage  of  economy 
on  existing  roadways,  where  sufficiently  sound  to  be  used 
as  a  foundation. 

Mastic  Trinidad  asphalte  is  composed  of  10  to  15  per 
cent,  of  Trinidad  bitumen  with  the  usual  proportions  of 
mineral  matter. 

Compre98ed  Asphalte  Block  Pavement,-^  Ajio^her  type  of 
asphalte  pavement  which  has  been  tried  with  considerable 
success  in  this  country  and  abroad,  is  that  known  as  the 
Sanitary  Block  Pavement,  which  is  manufactured  by 
the  Sanitary  Block  and  Tile  Pavement  Company,  Ltd., 
London  and  Briton  Ferry,  South  Wales.  These  paving 
blocks  are  made  of  crushed  stone  and  Trinidad  asphalte 
subjected  to  a  heavy  pressure  in  a  powerful  press.  The 
process  of  manufacture  is  simple.      The  crude  asphalte 
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having  been  dried,  is  combined  with  the  requisite  flux  to 
form  the  asphaJtlc  cement,  which  is  mechanically  mixed 
in  a  thorough  manner  with  crushed  trap  rock  at  a  temper- 
ature of  300  degrees  Fahrenheit.  The  material  is  taken 
to  the  press  at  this  temperature,  and  each  block  is  subjected 
to  the  high  pressure  of  120  tons.  The  blocks  on  leaving 
the  press  are  slowly  cooled  by  means  of  a  water  bath,  after 
which  they  are  ready  for  use.  The  sizes  made  are  4  inches 
by  12  inches,  by  4  inches  deep,. and  4  inches  by  12  inches, 
by  3  inches  deep,  and  the  first  weigh  18  lbs.  and  the  second 
13^  lbs.  each.  One  cubic  foot  of  sanitary  block  paving 
weighs  165  lbs.,  the  weight  of  solid  uncrushed  granite,  and 
the  specific  gravity  of  the  block  is  2.63.  An  advantage 
possessed  by  these  paving  blocks  is  that  they  will  obviously 
be  all  of  the  same  material,  size,  pressure,  weight,  and 
colour. 

This  type  of  paving  has  been  laid  at  the  Marble  Arch, 
at  the  entrance  to  Hyde  Park,  and  in  Carlos  Place,  the 
traffic  at  both  which  places  is  exceptionally  heavy,  that  at 
the  latter  being,  according  to  official  figures,  6,000  vehicles 
per  day  of  twelve  hours.  The  pavement  in  Carlos  Place 
has  been  now  laid  over  three  years,  has  required  no  repairs, 
and  shows  scarcely  any  traces  of  wear.  It  is  stated  that 
at  a  point  where  the  traffic  is  heaviest  some  blocks  have  just 
been  removed,  and  the  sand  cushion  beneath  was  found 
to  be  perfectly  dean,  dry,  and  sweet,  and  the  surface  of 
the  blocks  themselves  was  found  to  be  worn  away  but  very 
slightly. 

In  the  City  of  New  York,  as  also  elsewhere  in  America, 
very  satisfactory  results  are  also  said  to  have  been  attained 
with  this  pavement,  and  it  is  employed  on  grades  up  to 
6  per  cent.,  whilst,  owing  to  its  more  slippery  nature,  sheet 
asphalte  is  limited  to  grades  of  2*5  per  cent  The  pave- 
ment is  found  to  be  comparatively  noiseless,  and  exceed- 
ingly sanitary,  being  completely  non-absorbent,  and  as 
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the  blocks  are  rectangular  in  shape  and  laid  closely  together 
the  joints  soon  become  closed  by  the  welding  action  of  traffic 
on  the  elastic  material,  so  as  to  obviate  the  absorption  of 
noxious  liquids,  and  subsequently  the  consequent  exhala- 
tion of  effluvia  and  contaminating  vapours.  The  blocks 
are  said  to  be  entirely  unaffected  by  temperature,  and  have 
been  laid  in  tropical  places*  such  as  Havana,  and  in  North 
America,  in  which  latter  place  they  are  subjected  to  a  long 
and  severe  winter,  with  equally  successful  results.  In  cold 
climates  the  fact  that  they  are  not  affected  by  rime-frost  is 
a  great  advantage,  as  it  does  away  with  a  danger  to  horses 
to  which  other  pavements  are  more  or  less  subject  in  the 
cold  season,  and  enables  sanding  and  gravelling  to  be 
dispensed  with. 

The  tenacity  of  the  asphaltic  cement,  by  meani^  of 
which  the  trap-rock  is  boimd  together,  is  very  great,  and  it 
is  stated  that  blocks  have  been  subjected  to  a  compression 
test  of  50  tons  on  the  surface,  whilst  their  sides  were 
absolutely  unsupported,  and  that  they  exhibited  no  signs 
whatsoever  of  the  enoimous  pressure  to  which  they  had  been 
subjected,  except  a  slight  hair  crack  at  their  extremities. 
It  may  also  be  mentioned  that  the  material  is  said  to  be 
satTsf  actorily  proved  neither  to  swell  nor  to  shrink. 

Granite  Pavements  with  Asphalte  Joints. — ^Asphaltic  joint- 
ing for  granite  setts  has  been  successfully  used  for  many 
years  in  Liverpool,  Manchester,  and  other  Northern  towns. 
In  first-class  streets  in  the  former  city  granite  or  syenite 
setts,  3^  inches  by  3^  inches  by  6  inches  in  depth,  are  laid 
in  regular  straight,  properly  bonded  courses,  and  with 
close  joints.  The  joints  are  filled  with  hard,  dean,  dry, 
shingle,  the  setts  being  well  rammed,  and  fresh  shingle 
added  until  the  joints  are  full.  A  hot  mixture  of  coal- 
pitch  and  creosote  oil  is  then  run  into  the  joints,  and  the 
entire  pavement  is  top  dressed  with  half  an  inch  of  sharp 
gravel.    In  streets  liable  to  heavy  traffic  setts  7i  inches  in 
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deptu  are  used.  Trials  were  made  of  aspbalte  jointing  for 
granite  sets  in  London.  A  portion  of  Duke  Street,  Smith- 
field;  was  paved  with  Carnarvon  granite  sets,  3  inches 
wide,  6  inches  deep,  and  6  inches  long.  They  were  laid 
with  ,1-inch  joints,  which  were  filled  with  small  clean 
pebbles,  and  run  up  with  a  composition  of  pitch  and 
oil  boiled  together.  The  work  was  completed  in  May, 
1868. 

A  piece  of  Aberdeen  granite  pavement  was  laid  for 
comparison  at  the  same  time,  contiguously,  in  the  same 
street.  The  sets  were  3  inches  wide,  and  7  inches  deep, 
and  were  jointed  with  lime-grout,  in  the  usual  manner. 

In  1871,  the  two  pavements  were  in  nearly  the  same 
condition ;  but  the  lime-grouted  pavement  showed,  if 
anything,  the  greater  amount  of  wear: — the  difference 
having  been  ascribed  by  Colonel  Haywood, — ^no  doubt 
correctly, — to  the  comparative  softness  of  the  Aberdeen 
sets.  Both  pavements  were  removed  in  May,  1873,  after 
a  five-years'  trial,  and  replaced  by  wood. 

Another  piece  of  this  kind  of  paving,  formed  with 
Aberdeen  granite  sets,  3  inches  wide  and  9  inches  deep, 
was  laid  in  St.  Paul's  Churchyard,  at  the  east  end,  in 
April,  1870,  and  removed  in  December,  1875,  after  having 
been  down  5  years  and  8  months.  During  this  time,  no 
repairs  were  done  to  the  pavement.  For  the  first  three 
years,  the  surface  continued  in  very  good  condition  ;  after- 
wards, it  gradually  fell  into  disrepair,  and,  in  the  last  year, 
it  was  in  a  very  bad  state.  Small  repairs  were  not  done  to 
it,  in  the  way  customary  with  lime-grouted  sets,  by  reason 
of  the  difficulty  and  expense  of  taking  up  and  relaying 
small  detached  portions : — which  required  a  boiler  and 
special  apparatus  to  be  brought  to  the  ground. 

Colonel  Haywood  reported  that  all  the  asphalte-joinjked 
granite  pavements  were  noisier  and  less  pleasant  to  travel 
over  than  the  pavements  grouted  with  lime. 
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The  following  table,  No.  36,  gives  the  length  and  area 
of  carriage-ways  paved  with  asphalte,  at  December,  1873. 
Since  this  date,  several  additional  pavements  in  asphalte 
have  been  laid. 

Tablb  No.  36.— City  of  London. — ^Extent  op  Asphai/tb  QabxulqE' 

WAY  PaYEMENTS,  at  DBCBMBEtt  31,   1873.* 

(Colonel  Haywood.) 


Payement. 

Number 
of  streets, 
&o.,  paved. 

Length. 

Area. 

Val  de  Travers,  compressed . 
Val  de  Travers,  mastic 
limmer,  mastic   .... 
Barnett's,  mastic .... 
Society  Fran9ai8e,   compressed ) 
(Seyssel)  .        .        .        .       ) 
Monlxotier,  compressed 

20 
1 
8 
6 

1 

1 

Yards. 
4,185 
69 
1,446 
1,705 

39 

40 

Sqnazeyds. 

34,876 

232 

8,477 

16,544 

327 
346 

Total  number  of  pavements    . 

37 

7,484 

60,802 

From  the  experimental  results,  it  is  apparent  that  none 
of  the  early  preparations  of  asphalte  compounds  could  com- 
pete successfully  with  simple  asphalte  as  a  material  for 
roadways.  Experience  has  amply  confirmed  Colonel  Hay- 
wood's belief,  expressed  in  his  report  of  July,  1871  : — 
''It  has  been  seen,"  he  says,  referring  to  the  Val  de 
Travers  compressed  asphalte  and  liquid  asphalte,  the 
Limmer  mastic,  and  Bamett's  iron-asphalte  mastic,  ''that 
the  modes  of  compounding  and  forming  the  asphalte  pave- 
ments differ  materially,  the  one  being  a  mineral  immixed 
and  laid  in  a  state  of  dry  heated  powder,  the  other  three 
being  composed  of  asphalte  largely  mixed  with  grit,  sand, 
and  other  ingredients,  and  laid  in  a  heated  liquid  state. 
There  is  consequently  a  marked  difference  between  their 
structures,  and  I  incline  to  the  belief  that  the  asphaltes 

*  For  Note  to  this  Table,  see  p.  311. 
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wliich  will  form  the  most  durable  pavements  for  carriage- 
ways are  those  capable  of  being  laid  and  compressed  in 
the  shape  of  heated  powder." 

In  a  report  by  Colonel  Haywood,  dated  April  18,  1873, 
he  described  the  condition  of  the  pavements  laid  in  the  City 
of  London,  at  the  1st  March  of  that  year,  from  which  the 
following  table.  No.  37,  has  been  compiled.  Portions  of 
some  of  the  pavements  were  cut  out  under  his  direction, 
in  order  to  ascertain  whether  they  had  lost  materially  in 
thickness.  ^^  There  is  no  doubt,"  he  says,  ^'that  the 
asphaltes  have  somewhat  diminished  in  thickness  under 
the  wear  of  the  trafiB.c,  but  owing  to  inequalities  when  they 
were  first  laid,  and  to  the  compression  which  takes  place 
in  all  those  laid  in  the  shape  of  heated  powder,  it  would 
be  difficult  to  ascertain  the  exact  wear  without  making  a 
very  large  number  of  openings." 

By  "holes,"  or  ''short  holes,"  in  the  table,  it  was  not 
meant  that  the  asphaltes  were  worn  down  to  the  concrete 
foundation.  The  larger  holes  upon  compressed  asphalte 
are  in  most  cases  depressions  caused  by  the  traffic,  and  do 
not  necessarily  indicate  surface  wear.  In  the  mastic  as* 
phaltes,  on  the  contrary,  they  are  for  the  most  part  the 
result  of  disintegration  and  wear  of  the  surface. 

Minute  holes  are  noticeable  in  compressed  asphaltes 
shortly  after  they  are  laid,  which  seem,  after  a  time,  to  close 
up  or  disappear,  whilst  others  open.  The  cause  of  this 
**flow  of  solids,"  which  Colonel  Haywood  thinks  may  be 
due  to  the  presence  of  foreign  substances,  or  of  moisture 
from  the  foundation,  has  not  yet  been  satisfactorily  ex- 
plained. 

The  lengths  of  time  during  which  these  asphaltes  had 
been  down,  at  the  date  of  the  inspection,  were  3  years 
and  9  months  for  one,  2  years  and  2  months  for  two, 
less  than  2  years  for  eighteen,  less  than  1  year  for  four^ 
and  less  than,  6  months  for  five. 
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Tablb  No.  87. — Oxtt  of  London  : — ^Dubatioit 

Yal  db  Tratbbs 


LOCALITT. 


Poultry :  next  kerb,  general  surface 

Cheapside:     next    kerb,     general 
BuHacc. 


Old  Broad  Street  . 
New  Broad  Street  . 
Throgmorton  Street 
Milk  Street     . 

Russia  Row     .        • 
Queen  Street  . 
Old  Bailey       . 
Gracechurch  Street 


Finsbury  Pavement  and  Moorgato 

Street. 
Moorgate  Street      .... 
Wood  Street 

London  Wall  .         .         .         . 

Throadncedlc   Street,    near    Finch 
Lane. 

Ditto,  cast  end        .... 
Ditto,  central  .... 

Mansell  Street         .... 


Mansion  House  Street 
IVinccs  Street 
Ditto 


11 


S^ 

«» 


Mi 

gea  Pi 
Si's 


VehidesinlS 

hours  in  1872-73. 

Tot«L 

Per  foot 
of  width 

Vehi- 

Vehi- 

cles. 

cles. 

7,997 

363 

8,949 

298 

2,473 

103 

1,515 

63 

661 

47 

616 

36 

97 

14 

2,292 

153 

2,903 

132 

4,730 

225 

5,361 

128 

6,000 

188 

980 

68 

2,500 

104 

3,696 

142 

)) 

264 

>» 

264 

498 

13,767 

300 

5,628 

234 

>» 

234 

Time 
down  at 
March  1, 

1878. 


.  George  Yard 


Feet 
22 

30 


24 

24 
14 
14J 

7 
15 
22 
21 


42 

32 
Hi 

24 
26 

14 
n 


46 
24 

tt 


—     Il        681    — 


Yrs.  Mos. 
2     2} 

2     2} 


1  lU 

1  11 
1  llj 

1  llj 
1  10 
1  10 

1    7i 


1 
1 


6i 
5| 


1  ^ 

3     9 


1  21- 
1  l| 
1     4 

0  8^ 
0     3| 

0  2i 

Val  ds 

1  11 
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knji  HEFAm  OF  AfiPHALTE  Patembntb,  1873. 

ASFIIALTE    (CoMFBESSED). 

I 


Eepain  and  Condition  on  March  1, 1873. 


Continually  repaired  at  night.    Many  holes  in  the  enture  surface. 

Channels  much  worn.    Extensive  repairs  required  this  year. 
Continually  repaired  at  night.    Many  small  holes  in  the  surface ; 

mostly  appeared  within  the  last  6  months.    Very  extensive  repairs 

required  this  year. 
No  repairs  done.     A  few  small  holes ;  otherwise  in  good  condition. 

No  repairs  done.    Channels  somewhat  worn. 

One  or  two  repairs  done.  One  or  two  holes,  channel  somewhat 
worn.   Otherwise  in  good  condition. 

One  or  two  repairs  made.    In  good  condition. 

Trifling  repairs.    In  fair  condition. 

No  repairs.    In  good  condition. 

Frequent  repairs  at  south  end,  where  there  are  many  small  holes. 
Many  depressions  towards  north  end.  Generally  in  good  con- 
dition; but  not  so  good  as  others  of  this  Company. 

Trifling  repairs.  Small  holes  over  the  surface.  Generally  in  good 
condition. 

A  few  small  holes.    In  very  good  condition. 

Trifling  repairs.  Channels  worn ;  a  few  small  holes.  Otherwise  in 
good  condition. 

Slight  repairs.    Some  short  holes.    Generally  in  good  condition. 

The  first  pavement  laid  in  the  City.  Nine  very  small  rcjiairs  made. 
A  few  holes.   Generally  in  good  condition. 

(Nan-ow  way  frequently  repaired.     Channels  deeply  worn.     Well- 
marked  depression  at  middle  by  wheels.     Many  short  holes  at 
east  end.    Much  wear. 
One  slight  repair.     A  few  small  holes.     Otherwise  in  good  condi- 
tion. 
Slight  repairs.    Surface  worn ;  otherwise  in  good  condition. 

No  repairs ;  in  good  condition. 

Trayeks  (Mastic). 

!  No  repairs.    Small  depressions  on  surface ,  hut  generally  in  good 
I    condition. 
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Tablb  No.  37. — City  of  London  : — ^Duration  and 

LlMMEU 


lis 

as  ft 

1  Vehicles  in  12 
hours  in  1872-73. 

1 

Time 
down  at 
March  1, 

1673. 

LOOAUTT. 

TotaL 

Per  foot 
of  width 

Lombard  Stroct       •        •        « 
Moorgato  Street     •        t        •        • 

Comhill 

Feet. 
17 

32 
23 

Vehi- 
cles. 
2,499 

6,000 
3,507 

Vehi- 
cles. 

147 
188 

Yrs.   Mop. 
1     9J 

1     6J 
0  llj 

Barnett's 


Moorgato  Street      « 

Carter  Lane    •        • 
Lothbury         .        • 

Bishopsgate  St.  Within 


• 

32 

6,000 

188 

1     ^ 

• 

8 
43 

317 
1,612 

40 
38 

0     5f 
0     4| 

■J 

1 

• 

28 

6,048 

216 

1     0    2i 

1 

I  Princes  Street 


MONTROTIEB 

.  I    24     I  5,628 1  233     ||    0    6^ 


PiinceB  Street 


21 


SoCI^Tfi   FkANCAISE   DE8 


5,6281  268 


0    7J 


'IT- 


r 


j«, 
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Rbpair  of  Asphalts  Pavbmbnts,  1S7 Z-^continued, 
Asphalts  (Mastic). 


Bepoirs  and  Condition  on  llareh  1, 1878> 


Extensively  repaired  in  last  3  months.  Channels  worn.  Many 
short  holes  at  middle  of  way. 

Extensively  repaired  in  last  3  months.  Considerable  indications  of 
surface  wear  in  the  middle ;  a  few  bad  holes  and  depressions. 
Otherwise  good. 

Trilling  repairs.  Channels  slightly  worn.  Middle  of  way  con- 
siderably worn;  surface  rough. 


Asphalts  (Mastic). 

Extensively  repaired.    Many  small  holes,  especially  at  south  end, 

which  was  laid  in  very  bad  weather. 
Surface  in  good  condition. 
Large  portion  badly  laid,  re-laid.     Surface  variable,  some  parts 

smooth,  others  worn  and  rough. 
Ko  repairs.     Numerous  holes;  and  indications  of  loose  structure 

or  of  wear.    Eastern  part  rough,  indicating  inferior  material  or 

bad  laying.   Weather  very  bad  when  it  was  laid. 


Asphalts  (Compresssd). 

I  No  repairs.    Tn  good  condition. 


.L' 


Asphaltes  (Compressed). 
No  repairs.     Unusually  wavy.    Generally  in  good  condition. 


X 
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In  compiling  this  table,  an  attempt  has  been  made  to 
gauge  the  intensity  of  the  traffic  by  a  calculation  of  the 
daily  number  of  vehicles  by  Trhich  each  street  was  tra- 
versed, per  foot  of  the  width  of  carriage-way.  These 
traffics  are  placed  in  the  following  table,  No.  38,  for 
comparison  with  the  loss  of  thickness,  taken  at  per  year, 
in  the  last  column : — 


Table  No.   38. — City  op  Londok: — ^Weak   op  Af^HALTE  Patx- 

MENT8,  1873. 

Yal  db  Trayers  Asphalts  (Coxpresred). 


LOCAUTT 


Poultry :  next  kerb 
Do.  general  surface    . 

Cheapside :  next  kerb  . 
Do.  general  surface    . 

Old  and  New  Broad ) 
Streets     .        •        .  / 

Queen  Street        • 

Moorgate  Street  . 

Throadneedle    Street, 
east  end  and  centre . 

Average    for  general  i 
surface     •        •        .  / 


Vehicles 
in  12  hours 
per  foot  oi 
width. 


Vehicles. 
363 
363 
298 
298 

103 

163 
188 

142 
208 


Time 
down  at 
March  1, 

1873. 


Trs.  Mos. 
2     2J 

2     2J 

1  llj 

1  10 

1    Qi 

1     2i 

1    U 


Loss  of  nominal  thickness. 


Total. 


Per  year. 


Inch. 

•44  to  -94 

•375  to  -75 

•81  to  -94 


•31 

i 
•118 

100  (next 

kerb) 

iV  (general 

surface 


Lombard  Street 


LiMMER  ASPHALTE   (MaSTIC). 

.«      147    II     1    9}  II        i 

Barnett's  Asphalte  (Mastic). 
Moorgate  Street  .        .  ||       188    ||     1    4}  || 


Inch. 

•20  to  ^42 

•17  to  -34 

■56  to  42 

•17 

•16 

•41 
•08 
•87 

•06 
•19 


•07 


iV 


•C5 


MONTROTIBR  AsPHALTE    (CoMPRESSED). 


Princes  Street 


235 


0    6|  y     itof     |-35tol^40 


The  data  contained  in  this  table,  No.  38,  are  too  scanty 
for  the  purpose  of  making  a  useful  comparison  of  the 
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wears  of  the  different  asphaltes ;  but  a  general  relation 
may  be  observed  between  the  traffics  per  foot  of  width 
and  the  vertical  wears  per  year  of  the  pavements  in 
Yal  de  Travers  Compressed  Asphalte ;  and  the  averages 
are  as  follows : — 

Val  de  Travers  Compressed  Asphalte  Pavement  for  Carriage'Ways, 

Vehicles  in  12  hours  per  foot  of  width  •  •  •  .  208  yehides. 
Loss  of  thickness  per  year  (say  \  inch)  •        •        •        •    *19  inch. 

It  has  been  argued  that  the  reduction  of  thickness  is  the 
result  of  simple  compression  under  the  traffic,  and  not 
sensibly  of  wear : — an  argument  which  is  countenanced  by 
Colonel  Haywood,  who  found  that  asphalte  is  not  so  noise- 
less after  it  has  been  down  for  two  or  three  months,  as  it  is 
when  first  laid,  and  ascribed  the  difference  to  compression 
and  solidification  under  traffic.  Be  that  as  it  may,  de- 
terioration of  the  surface  is  augmented  by  the  action  of 
the  traffic;  and,  ultimately,  the  abrasion,  and  the  conse- 
quent loss  of  thickness,  must  proceed  in  an  increasing 
ratio,  for  it  can  scarcely  be  questioned  that  the  material 
next  the  upper  surface  is  originally  more  durable  than 
what  is  under  it. 

With  the  experience  of  nearly  a  year  later  than  the  date 
of  his  report  from  which  the  foregoing  data  are  derived, 
but  without  sufficient  experience  to  determine  the  actual 
durability  of  asphalte  in  the  City,  Colonel  Haywood,  after 
full  consideration  of  all  the  circimistances,  thought  *'  that, 
without  much  repair,  none  of  the  asphaltes  would  last  more 
than  from  four  to  six  years ;  and  that,  in  the  course  of 
from  six  to  ten  years,  the  entire  surface  of  all  will  have 
been  renewed."  In  explanation,  it  is  to  be  said  that  the 
repair,  however  slight,  of  an  asphalte  carriage-way  pave- 
ment, requires  that  entirely  new  material  should  be  ap- 
plied in  replacement  of  that  which  is  in  a  state  of  dis- 
repair.     That  is  to  say,  there  is  no  such  operation   as 
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the  relaying  of  an  aspbalte  pavement.  But,  the  asplialto 
that  is  removed,  is  utilised  by  being  converted  into  a 
liquid  aspbalte  for  the  formation  of  footpaths. 

In  the  Appendix,  a  table,  extracted  from  a  recent 
report  of  Colonel  Haywood,  gives  the  condition  of  the 
aspbalte  carriage-way  pavements  in  the  City  of  London, 
on  the  1st  of  February,  1877.  It  may  be  noted  that  the 
works  of  two  of  the  Aspbalte  Companies, — the  Montro- 
tier,  and  Bamett's, — no  longer  exist. 

The  aspbalte  pavements  in  the  City  of  London  are  all 
maintained  for  periods  of  16  or  17  years,  by  contract  with 
the  respective  companies  by  whom  they  were  laid. 


Val  de  Travers  Aspiialte, 
(Compressed.) 

C]ieax>side       .        .        • 

Poultry .... 

Old  Broad  Street   . 

Gracechurch  Street 

Finsbury  Pavement       • 

Moorgate  Street  (N.  end) 

Queen  Street .        • 

LiHMER  AspuALTE  (Mastic). 

Moorgate  Street  (central) 
Lombard  Street      .        • 
Comhill         •         .        • 
Mincing  Lane        •        • 

Barnett's  Aspiialte  (Mastic). 
Moorgate  Street  (S.  end) 

Val  dk  Travers  (Mastic). 
George  Yard . 


Conci-ete.    Asphalte. 
inches.       inches. 


9 
9 
6 
9 
6 
6 
9 


9 
9 
9 
6 


2i 
2i 
2 

2J 
2 

2 

2J 


2 
2 
2 
2 


H 


H 


Completed. 
Dec.  1870 
Dec.  1870 
March,  1871 
July,  1871 
Aug.  1871 
Aug.  1871 
April,  1871 


Sept.  1871 
May,  1871 
March,  1872 
Aug.  1873 


Oct.   1871 


Api-il,  1871 


The  terms  of  the  contracts  for  these  etroet^  are  givGD 
in  Table  No.  39,  which  follows : — 
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Tablb  No.  89.-— Citt  of  London: — Cost  of  Asfhaltb  Fayementh 

Laid  and  Maintained  by  Contract. 


LOCALITT. 


Val  db  Tbavsbs 
(oompresaed). 

Cheapflids  • 

Poultry 

Old  Brood  St. 

Qraceoharch  St 


Finsbury  Pave 
ment 

Moorgate  St. 
Queen  St.  . 

LiHMRB  (mastio} 
Moorgato  St. 

Lombnrd  St. 
Comhill     . 
Mincing  Lane 

Babxett's 

(mastio). 

Moorgate  St. 


Val  db  Tratbrb 
(mastio). 

George  Yard     . 


Yrs. 
17 

17 
17 

17 


17 

17 
17 


17 

17 
17 
17 


18 


10 


First  cost  per  square 
yard. 


Foun- 
da- 
tion. 


B.  d. 
1    9 

1    9 
1    9 

1    9 


1    9 

1    9 
1    9 


a  8 

i  2  8 

2  8 

1  9 


9    8 


1    9 


As- 

phalte. 

8. 

a. 

16 

8 

16 

8 

U 

3 

15 

8 

U 

8 

14 

8 

14 

8 

13 

4 

13 

4 

12 

4 

10 

8 

10 

6 

10 

8 

Total. 


8.  d. 

18  0 

13  0 

16  0 

17  0 


16    0 

16    0 
16    0 


16    0 


16 
16 
12 


0 
0 
0 


13    t 


19    0 


Contraot  oost  for 

maintenance  per  square 

yard. 


2yr8.  fiee. 
16    „    at  Is.  6d. 

n  » 

2  yrs.  free. 
16    ,t    at9d. 

2  ,,  free. 
16    ,.    at  Is. 


2 

15 


>* 
n 


free. 
at9d. 


n 
n 


2  yrs.  free. 
16    „    at9d. 


it 

n 

H 


t» 

it 


8.  d. 

=  22  6 
22  6 

=  11  3 

^15  0 


11  3 
11  8 
11  3 


11  3 
11  8 
11  3 
11  8 


Total  oost  per 
square  yaixL 


Total. 


3  yrs.  free. 
16    „    atls.4|d.'20 


10   ,,    free. 


s.  d- 

40  6 

40  6 

27  8 

32  0 


27  3 
27  3 
27    3 


27  3 

27  3 

26  3 

23  3 


19    0 


Per 

year. 


B.    d« 

2    41 
2    4} 

1  10| 


1    7 
1    7 

1  n 


t 


1 
1 
1 
1 


71 
6] 
4i 


38    9     1  1G| 


1    2* 


NoTB.s  TO  Table. 
Rocd  as  new. 


,— 1.  Exoayation  is  not  indaded.   2.  Tbe  paTementi  to  be  given  up  ai 


AsPHALTB  Pavement  in  Manchestee. 

A  specimen  of  Val  de  Travers  asphalte,  1,000  square 
yards,  was  laid  in  a  street  in  Manchester,  and  was  down 
two  years.  During  17  days  in  Decenjbey,  1873,  and 
January,  1874,  61  horses  fell,  or  3*6  horses  per  day? — 
OQjjiprising  12  carriage  boysep  fti^J  cftb  boypes,  39  lurry 
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*  _ 

horses,  and  10  cart  horses.  The  surface  was  very  slip* 
pery,  and  considered  to  be  extremely  dangerous  except 
in  exceptionally  dry  weather,  or  wet  weather,  and  not 
suitable  for  the  humid  atmosphere  of  the  Manchester 
district.    Tlie  pavement  was  replaced  with  granite. 
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NoTB  TO  Table  No.  36  (p.  300). — The  Val  de  Travers  oompressed 
pavements  and  the  Limmcr-mastic  pavements  for  carriage-ways, 
comprised  in  this  table,  were,  with  three  exceptions,  made  with  2 
inches  of  asphalte ;  they  were  laid  on  concrete  of  from  6  to  9  inches  in 
thickness.  The  exceptional  thickness -^s  were  2 J  inches  for  Gheapside 
and  the  Poultry,  as  before  noted ;  and  2|  inches  for  Graoechnrch 
Street  and  Queen  Street. 

The  pavements  of  Bamett's  Iron  Asphalte  were  laid  on  9  inches  of 
concrete,  and  were  2^  inches  thick.  The  pavement  of  the  Society 
Fran9aifie  was  2f  inches  thick,  on  9  inches  of  concrete ;  and  that  of 
Montrotier  was  2  incheb  thick. 


CHAPTEE   XX. 

BRICK  PAVEMENTS. 

Beiok  paving  is  probably  one  of  the  first  ever  to  be  used, 
but  in  this  country  hitherto  it  has  only  been  employed  for 
carriage-ways  to  a  very  linuted  extent,  and  the  experience 
gained  has  not  tended  to  prove  it  to  be  a  satisfactory^ 
material  for  that  purpose.  These  failures  have  been  prin- 
cipally due  to  the  variations  in  the  qualities  of  the  bricks 
employed,  which  variation  has  of  course  tended  to  cause 
the  pavements  to  wear  most  unevenly.  The  material  has, 
however,  been  used  with  success  in  Holland  for  over  a 
century  and  a-half;  and  for  many  years  past  similarly 
favourable  results  have  been  obtained  in  America  and 
other  countries  from  the  use  of  vitrified  brick  as  a  paving 
material. 

Advantage»  of  Brick  as  a  Paving  Material, — There  can  be 
no  doubt  that  suitable  bricks  o£^er  many  advantages  as  a 
material  for  paving,  indeed  in  America  vitrified  bricks  are 
by  many  authorities  preferred  to  either  granite,  asphalte, 
or  wood.  It  may  here  be  remarked  that  the  term  vitrified, 
which  means  glazed  or  converted  into  glass  by  burning, 
is  a  mistake,  as,  although  a  very  hard-burnt  brick  is 
essential,  if  burned  too  hard,  it  will  be  brittle  and  useless, 
as  it  will  break  easily,  and,  moreovei;,  if  glazed  on  the 
surface  it  will  not  grit  as  a  proper  material  for  paving 
should  do.  If  properly  laid,  brick  pavement  is  stated  to 
be  as  noiseless  as  paving  constructed  with  any  other  kind 
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of  material,  and  Mr.  J.  T.  Eayrs,  M.I.O.E.,  mentions  in  a 
paper  upon  "  Brick  Paving  for  Carriage  Ways,"  *  that  in 
America  what  is  known  as  vitrified  brick  paving  is  claimed 
to  possess  the  following  qualities : — ''  The  surface  is  smooth 
without  being  slippery ;  it  offers  a  minimum  amount  of 
resistance  to  the  passage  of  traffic,  and  inflicts  a  minimum 
amount  of  wear  and  tear  on  horses  and  vehicles;  it  is 
practically  impervious,  and  therefore  perfectly  sanitary; 
is  easily  cleansed,  and  requires  less  scavenging  than  any 
other  paving ;  it  can  be  washed  without  injury  or  becoming 
slippery  when  wet ;  is  readily  taken  up  and  relaid ;  reason- 
able in  first  cost  and  maintenance ;  and  has  a  life  which 
compares  favourably  with  other  materials,  such  as  asphalte, 
wood,  &c."  In  a  report  by  Mr.  Benjamin  Marot  to  the 
Committee  of  one  hundred  on  paving  of  the  City  of  Dayton, 
Ohio,  U.S.,  which  report  was  published  in  1890,  the 
following  opinions  upon  the  merits  of  brick  paving  are  to 
be  found — 

The  first  brick  pavement  was  laid  in  Burlington,  Iowa, 
in  1887,  and  showed  no  signs  of  wear  after  three  years' use. 

The  use  of  brick  pavement  in  Columbus,  Ohio,  was  not 
foimd  desirable  for  streets  liable  to  heavy  traffic.  Grood 
hard  burned  brick  was  found  to  last  a  long  time  on  streets 
not  subjected  to  heavy  traffic.  Fire-brick  gave  very  un- 
satisfactory results  for  paving  purposes,  except  in  the  case 
of  one  or  two  streets  where  the  brick  used  was  thoroughly 
burned. 

In  Cincinnati  fire-brick  was  found  to  make  a  good  pave  • 
ment  for  medium  traffic. 

Three  years'  experience  with  brick  pavement  in  Phila- 
delphia tended  to  show  that  it  is  only  suitable  for  light 
traffic. 

Brick  pavement  laid  for  four  years  in  Toledo,  Ohio,  was 

*  See  Proceedings  of>»th$  Association  of  Municipal  and  County  Engim 
ttficrs,  rol.  xxiii. 


314  BRICK    PAVEMENTS. 

Btill  in  good  coudition,  it  was,  however,  only  used  on 
residence  streets. 

A  block  of  brick  pavement  laid  in  Bloomington,  Illinois, 
for  seventeen  years  was  said  to  be  in  good  condition  at  the 
end  of  that  time.  The  town  of  Bloomington,  however,  is, 
it  should  be  mentioned,  a  country  seat  of  some  25,000 
inhabitants,  with  but  little  manufacturing  and  not  much 
heavy  traffic,  consequently  it  is  probable  that  the  pavement 
in  question  was  not  subjected  to  any  very  severe  test. 

The  city  engineer  of  Chicago  is  of  the  opinion  that  for 
general  use  shale  bricks  properly  burned  and  of  the  right 
size,  and  properly  laid  upon  a  hydraulic  cement  concrete 
foundation  forms  both  a  cheaper  and  superior  paving  to 
asphalte  as  to  first  cost,  facilities  and  cheapness  for  repairs, 
sanitary  qualities,  ease  upon  horses,  and  durability.  It 
can  be  laid  upon  a  gradient  where  asphalte  would  be 
impossible,  can  be  washed  continually  without  injury,  and 
when  wet  is  not  more  slippery  than  when  dry,  whilst 
asphalte  he  considers  to  be  always  dangerous,  and  if  wet 
more  slippery  than  when  dry.  Brick  pavement,  if  properly 
laid  and  grouted  with  suitable  cement,  is  not  more  noisy 
than  asphalte,  and  as  it  can  be  continually  sprinkled,  it  is 
far  less  dusty. 

Bimemiom  of  Paving  Bricks, — ^The  sizes  of  paving  bricks 
employed  in  America  vary  between  7^  inches  by  3^  inches 
by  2  inches,  and  9^  inches  by  4^  inches  by  3^  inches,  the 
size  in  most  common  use,  however,  being  9  inches  by  4 
inches  by  3  inches.  The  bricks  are  made  with  both  square 
edges  and  rounded  nosings  and  with  rounded  tops,  the 
former  are,  however,  most  generally  employed,  and  they 
make  better  joints  and  are  more  easily  scavenged. 

Necessary  Qualities  of  Pa/oing  Bricks. — Bricks  for  paving 
should  possess  the  following  qualities,  viz.,  they  should  be 
as  uniform  in  quality  as  practicable,  so  as  to  insure  as  even 
wear  as  possible.    They  should  not  be  capable  of  absorb- 
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iiig  more  than  from  1  to  3  per  cent,  of  moisture  in  twenty- 
four  hours.  They  should  be  of  a  specifio  gravity  of  from 
2  to  2*3.  They  should  have  a  transverse  strength  of  about 
2,000  lbs.,  and  a  crushing  resistance  of  about  12|000  lbs. 
per  square  inch. 

Foundations  for  Brick  Pavements, — ^According  to  recent 
practice  in  the  United  States  the  bricks  are  laid  on  a  good 
concrete  foundation  of  at  the  very  least  4  inches  in  thickness^ 
with  a  layer  of  clean  dry  sand  of  from  1  to  1^  inches  in  thick- 
ness, upon  which  the  bricks  are  bedded,  and  which  layer 
of  sand  not  only  admits  of  the  bricks  being  evenly  laid, 
but  also  gives  a  certain  amoimt  of  spring  which,  it  is 
claimed,  decreases  the  effect  of  the  impact  of  horses'  hoofs 
and  of  wheels  upon  the  bricks. 

Method  of  Laying  the  Bricks, — The  concrete  is  allowed  a 
week  or  thereabouts  to  set  before  the  bricks  are  laid,  and 
the  latter  are  placed  either  in  straight  courses  at  right 
angles  to  the  curb,  or  diagonally  to  the  latter  at  an  angle 
of  60  degrees.  The  bricks  are  laid  with  a  cross- sectional 
curvature  similar  to  that  usually  employed  with  wood 
pavements,  and  as  a  general  rule  are  placed  close  together 
without  leaving  any  space  for  joints,  as  the  slight  irregu- 
larities in  the  bricks  themselves  is  found  to  be  enough  for 
that  purpose,  indeed  in  some  cases  the  courses  of  bricks 
are  each  forced  up  towards  the  curb  by  means  of  a  lever 
and  finally  wedged  up  with  a  closer.  The  bricks  are  then 
either  rolled  or  rammed,  when  the  latter  plan  is  adopted 
it  being  found  advantageous  to  place  a  plank  of  an  inch 
or  more  in  thickness  between  the  bricks  and  the  rammer. 
The  grouting  employed  is  either  cement  mixed  with  sand 
in  the  proportion  of  from  one  to  one,  to  one  to  one  and 
a-half ;  or  pitch  and  sand,  the  latter  being  sharp  river 
sand,  and  a  semi-elastic  and  watertight  joint  not  liable 
to  crack  in  the  cold  ^  eather  or  to  swell  up  during  hot 
weather,   is  thus  formed.    The  grouting  is  applied  by 
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means  of  a  special  appliance  of  funnel  shape,  so  tliat  it  is 
not  allowed  to  run  over  the  pavement  and  is  only  applied 
to  the  joints.  The  finished  pavement  is  covered  with  a 
layer  of  clean  coarse  sand  from  J-inch  to  1  inch  in  thick- 
ness, which  is  allowed  to  remain  for  about  a  fortnight 
exposed  to  the  traffic  before  being  cleared  away.  The  life 
of  a  well-laid  brick  pavement  is  estimated,  in  the  United 
States,  to  be,  under  ordinary  conditions,  from  fifteen  to 
twenty  years. 

Best  Vitrified  Brick  for  Paving  Purposes,  —  The  best 
vitrified  brick  for  paving  purposes  are  made  of  shale  or 
clay  or  a  mixture  of  these  two  substances,  and  are  not 
vitrified  in  the  true  sense  of  the  word,  being  only  raised  by 
an  intense  heat  to  the  fusing  point  but  no  further,  as  were 
the  latter  to  occur  the  clay  would  be  fused  or  melted,  and 
would  run  together  so  as  to  form  a  glassy  or  vitrified  brick 
which  would  be  too  brittle  to  be  of  any  service.  The  cooling 
of  the  brick  should  also  be  very  carefully  eflPected,  for  if 
the  cooling  be  rapidly  performed  it  will  become  brittle. 
With  a  brick  composed  of  a  well  disintegrated  and 
thoroughly  mixed  shale,  however,  brought  to  the  requisite 
temperature,  and  afterwards  slowly  annealed,  the  product 
will  be  both  extremely  hard  and  tough. 

As  has  been  elsewhere  mentioned,  the  bulk  of  the  wear 
on  a  road  surface  is  due  to  the  pounding  action  of  the 
horses'  hoofs  and  the  grinding  action  of  the  wheels,  con- 
sequently it  is  obvious  that  the  quality  of  brick  most  suited 
for  paving  purposes,  and  likely  to  have  the  longest  life,  is 
that  capable  of  withstanding  an  abrasion  test,  and  to 
insure  good  results  the  bricks  should  all  be  as  nearly  as 
possible  of  the  same  degree  of  hardness.  The  abrasion 
test  as  usually  carried  out  consists  in  placing  the  bricks  in 
what  is  known  as  a  tumbler  or  rattler,  which  apparatus 
consists  of  an  iron  drum  or  barrel  so  mounted  on  trunnions 
or  gudgeons  as  to  be  freely  rotatable  thereon.    This  drum 


BRICtt   PAVEMENTS*  317 

or  tarrel  is  caused  to  rotate  at  a  given  speed  for  a  deter- 
mined period  and  thus  causes  the  contained  bricks  to  rub 
together,  and  as  the  bricks  to  be  tested  are  carefully  weighed 
before  insertion  into  the  drum,  and  likewise  on  their 
removal  therefrom,  the  difference  in  weight  will  give  the 
measare  of  the  loss.  Sometimes  iron  castings  or  other 
materials  are  placed  in  the  drum  along  with  the  bricks 
under  test. 

According  to  the  provincial  instructor  in  road-making  to 
the  Ontario  Department  of  Agriculture,*  brick  pavements 
laid  on  gravel  and  sand  have  been  successful,  but  this  has 
only  been  the  case  when  the  subsoil  has  been  of  such  a 
kind  as  to  be  very  porous,  easily  drained,  and  naturally 
firm.  The  experiments  in  Ontario  in  view  of  Fall  and 
Spring  conditions,  with  alternate  freezing  and  thawing,  is 
a  very  dangerous  and  trying  one  for  pavements,  a  lesson 
which,  he  observias,  has  been  strongly  impressed  by  the 
experience  with  cedar-blocks.  While  a  brick  pavement 
may  give  satisfaction  for  a  few  years  on  sand  and  gravel 
foundation,  there  is  every  probability  that  the  bricks  will 
settle  irregularly,  and  be  rendered  thereby  more  suscep- 
tible to  wear  and  strain,  the  bricks  will  be  broken,  and 
the  life  of  the  pavement  very  much  shortened.  A  concrete 
foundation,  moreover,  besides  rendering  any  unequal  set- 
tlement of  the  bricks,  such  as  must  almost  inevitably  take 
place  in  the  case  of  more  or  less  yielding  materials  such  as 
sand  and  gravel,  utterly  impossible,  likewise  prevents 
water  from  percolating  through  and  gaining  access  be- 
neath the  road,  which  in  climates  liable  to  severe  frosts  is 
most  likely  to  lead  to  disastrous  results. 

Jointinrf  of  Brick  Pavement. — ^It  is  also  bad  practice  to 
merely  fill  in  the  joints  between  the  bricks  with  sand  only, 
as  is  sometimes  done,  as,  although  this  may  be  sufficient  to 
keep  the  bricks  in  place,  it  admits  of  the  percolation  of 

•  Keport  on  **  Koad  and  Street  Improvement  in  Ontario,  1896." 
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water  and  the  access  of  the  latter  to  the  ground  below  the 
bricks,  permits  of  the  absorption  of  a  quantity  of  street 
filth,  and  renders  the  pavement  far  more  noisy,  besides 
exposing  the  comers  and  edges  of  the  bricks  to  excessive 
wear.  The  paving  should  be  laid  with  close  joints,  grouted 
with  a  cement  composed  of  pitch  and  sand,  which  forms  a 
water-tight  and  elastic  joint,  and  prevents  the  passage  of 
any  moisture  to  the  underside  of  the  paving,  a  matter  of 
considerable  importance  in  climates  liable  to  continued 
frosts* 

Report  of  American  Commission  on  Brick  Pavements, — 
The  result  of  the  inquiries  instituted  by  a  commission 
appointed  in  1899  in  the  United  States  to  investigate  the 
subject  of  brick  paving,  was  that  the  life  of  the  latter 
were  found  to  surpass  expectations.  Bricks  made  of  slate 
day,  and  those  formed  of  a  mixture  of  slate-clay  and  fire- 
clay, are  hard,  dense,  and  have  a  tendency  to  become 
brittle.  They  seem  to  be  suitable  for  the  paving  of  streets 
subjected  to  heavy  traffic,  provided  that  they  are  laid  upon 
a  firm,  solid  bed  or  foundation,  and  that  the  joints  be  made 
or  grouted  in  a  suitable  manner.  Fire-clay  bricks  are  the 
lightest,  and  are  less  liable  to  chip  at  the  edges  or  to 
break,  but  they  wear  away  more  rapidly.  The  commission 
offer  no  opinion  as  to  the  most  suitable  dimensions  for 
bricks  to  be  employed  for  paving  purposes.  The  nature 
of  the  jointing  or  grouting  they  consider  to  exercise  a  very 
important  bearing  upon  the  duration  of  the  pavement. 
The  best  joint  seemed  to  them  to  be  that  formed  with 
Portland  cement ;  but  the  presence  of  lime  they  found  io 
give  rise  to  swelling,  which,  however,  could  be  remedied 
by  placing  a  transverse  tar  or  pitch  joint  every  twenty- 
three  and  a-half  or  thirty-one  and  a-half  feet.  The  best 
bed  or  foundation  they  decided  to  be  a  layer  of  cement 
with  a  bed  of  sand  of  from  1  to  2  inches  in  thickness 
upon  which  to  place  the  bricks. 
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Staffordshire  Blue  Brick  Pavements, — StafPordsbire  blue 
bricks  are  now  being  used  for  paving  purposes  experimen- 
tally in  the  blue  brick-making  districts,  with  the  view  of 
testing  their  suitability  for  a  more  general  application  in 
this  direction.  Hitherto  their  use  for  such  purpose  in 
this  country  has  been  chiefly  confined  to  the  paying  of 
crossings,  cab-stands,  &c.  The  author  has  been  g^ven 
to  understand  that  such  experiments  are  now  being  made 
by  Messrs.  Hamblets,  Limited,  of  the  Piercy  Brick  and 
Tile  Works,  West  Bromwich,  Staflfordshire,  and  they 
state  that  bricks  in  order  to  be  suitable  for  paving  pur- 
poses must  be  made  from  the  very  best  selected  Stafford- 
shire marl,  well  ground,  pressed  under  a  heavy  pressure, 
and  burned  in  a  very  great  heat,  so  as  to  produce  a  brick, 
dense,  and  thoroughly  well  vitrified  right  through  its 
entire  substance. 

Another  firm  claiming  to  have  succeeded  in  producing 
paving  bricks  of  uniform  quality,  and  well  adapted  to  with- 
stand the  wear  and  tear  of  traffic  in  streets,  is  that  of 
Messrs.  George  WooUiscroft  &  Son,  Ltd.,  of  Hanley.  Tests 
for  abrasion,  made  by  Mr.  J.  T.  Eayrs,  M.I.O.E.,  with 
these  bricks  subjected  to  1,000  revs,  in  a  tumbler  or  rattler 
at  a  speed  of  25  revs,  per  minute,  gave  an  average  loss  in 
weight  on  five  bricks  of  7*  15  per  cent.  Tests  for  absorp- 
tion carried  out  with  rattled  bricks  dried  in  a  stove  for 
65  hours,  and  then  immersed  for  53  hours  in  water,  showed 
an  average  gain  in  weight  of  1*96  oz.,  or  1*57  per  cent. 

**  Scoria  "  Paving  Bricks  or  Blocks, — The  Tees  Scoriee 
Brick  Company,  Limited,  Middlesbrough,  manufacture 
patent  *'  Scorico  "  paving  blocks  or  setts,  a  type  of  brick- 
paving  that  has  been  in  use  for  twenty  years  past.  These 
blocks  are  of  uniform  shape  and  colour,  and  admit  of  the 
formation  of  an  even  and  smooth  pavement  which  can  be 
very  readily  cleansed,  and  is  exceedingly  sanitary.  The 
light  colour  of  the  bricks,  moreover,  renders  the  street 
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much  lighter,  a  by  no  means  inconsiderable  advantage  in 
the  case  of  narrow  streets. 

With  regard  to  the  durability  of  these  paving  bricks, 
they  are  stated  to  have  stood  the  test  of  eighteen  years' 
use  without  showing  any  appreciable  amount  of  wear,  and 
streets  in  which  such  pavements  have  been  laid  for  this 
period  present  to-day  the  same  appearance,  and  are  as 
firm  as  they  were  when  originally  laid  down.  This  type 
of  sett  is  especially  suitable  for  street  channelling,  inas* 
much  as  they  present  a  perfectly  even  and  uniform  sur- 
face for  the  water  to  mn  over,  and  as  they  are,  moreover, 
absolutely  non-absorbent,  they  will  not  retain  any  trace  of 
whatever  may  pass  over  their  surface.  The  channel  setts 
can  be  obtained  of  any  particular  shape  and  din^ensions  to 
suit  the  requirements  of  particular  localities.  The  scorise 
paving  setts  form  a  pavement  which  is  less  noisy  than  any 
other  description  of  stone  pavement. 

Glaus  Paving  Bricks, — A  type  of  paving  brick  known  as 
la  pierre  de  verre  Garchez  is  now  being  used  in  France,  and, 
it  is  said,  with  considerable  success.  The  bricks  are  com- 
posed of  a  material  consisting  of  waste  glass,  such  as  old 
broken  bottles  and  the  like.  This  material  is  de-vitrified 
and  subjected  to  a  heavy  pressure  in  moulds,  and  the  re- 
sultajit  bricks  are  tough  and  extremely  durable,  whilst  at 
the  same  time,  owing  to  their  gritty  nature,  they  are  not 
liable  to  become  slippery  through  wear.  The  bricks  are 
capable  of  withstanding  a  crushing  strain  of  four  tons  to 
the  square  inch. 

Several  streets  in  Paris  have  been  recently  paved  with 
this  material,  and  although  sufficient  time  has  not  elapsed 
to  admit  of  any  decided  opinion  being  expressed  as  to  its 
wearing  capabilities,  so  far  it  is  reported  to  have  given 
excellent  results. 
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*  OTHER  PAVEMENTS. 

Metropolitan  Compound  Metallic  Faving, — ^This  pavement 
IB  formed  of  blocks  of  a  liard  cement,  having  an  iron 
frame  bedded  on  tlie  top  enclosing  a  certain  portion  of 
wood.  A  specimen  was  laid  in  Threadneedle  Street,  in 
1853;  it  did  not  prove  satisfactory,  and  was  replaced  by 
tbe  proprietors  by  a  new  and  better  specimen,  in  January, 
1854.  By  the  end  of  the  year,  it  became  very  unsatis- 
factory, and  was  extensively  repaired.  In  June,  1855,  it 
became  dangerous,  and  was  finally  removed. 

Cast  Iron  Fa/ving, — General  Krapp's  cast-iron  pavement, 
an  American  invention,  consists  of  cast-iron  frames  divided 
into  sections,  the  divisions  being  sufficiently  close  together 
to  prevent  the  admission  of  horses*  hoofs.  The  runs  and 
divisions  are  about  1  inch  in  width  on  the  top,  closely 
grooved  to  about  an  inch  in  depth.  The  frames  are  so 
designed  that,  to  some  extent,  there  would  be  a  connection 
and  mutual  support  throughout  a  paving  laid  with  them. 
They  are  laid  upon  the  usual  substratum,  in  the  same 
manner  as  granite  paving,  the  interstices  being  filled  with 
gravel,  stones,  or  concrete.  The  weight  of  the  pavement 
is  250  pounds  per  square  yard ;  it  costs,  when  complete, 
about  18«.  per  yard.  A  specimen  was  laid  in  Leadenhall 
Street,  early  in  1855.  By  the  middle  of  the  year,  it  got 
very  much  out  of  repair,  and  it  was  relaid  on  concrete, 
the  interstices  being  filled  with  concrete ;  but  its  condition 
was  not  very  satisfactory.     In  February,  1857,  it  was  in 
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an  extremely  bad  state  of  repair;  and  in  April,  it  was 
finally  removed,  after  having  been  down  for  a  little  over 
2  years. 

Ths  Cellular  Iron  Pavement — This  pavement  consists  of 
cast-iron  blocks,  14  inches  square,  having  a  flat  sole  with 
a  downward  stiffening  rib  at  each  edge,  and  honeycomb 
reticulations  on  the  upper  side,  which  are  open  through 
the  casting.  The  six-side  cells  so  formed,  are  oblong, 
there  being  six  cells  side  by  side,  one  way,  and  four  the 
other  way  of  the  block.  The  cells  overhang  the  edges  a 
little,  and  are  the  means  of  interlocking  the  blocks  verti- 
cally when  the  blocks  are  placed  in  position.  Thus,  it 
was  desigued,  the  paving  would  reat  soUdly  and  immoyably 
on  a  common  substratum ;  and  any  substance  like  sand  or 
gravel  thrown  on  the  pavement,  was  to  be  driven  through 
the  cells  by  the  weight  of  the  traffic,  and  would  in  fact 
constitute  a  continuous  packing.  This  pavement  was  tried 
in  the  Poultry  in  1863. 

Poletti  and  Bim^jVa  Artificial  Granite  Pavement — This 
pavement  is  made  into  blocks,  ^  inches  wide,  6  inches 
deep,  8  inches  long,  composed  of  ordinary  day,  highly 
compressed  and  then  burnt.  Each  block  weighs  about 
12  pounds.  The  bed  for  the  pavement  is  levelled  and 
made  up  with  ordinary  baUast,  and  the  joints  between  the 
blocks,  j^-inch  wide,  are  filled  up  with  the  same  material. 

Compound  Wbod-and- Stone  Pavement, — ^Mr.  Newlands,  in 
1855,  tried  a  system  of  paving  granite  sets  and  wood 
blocks  in  alternate  courses,  for  the  purpose  of  lessening 
the  noise  of  granite  pavement.  A  portion  of  Qreat  Howard 
Street,  Liverpool,  was  paved  in  this  manner,  a^d,  for  a 
short  time,  it  appeared  to  answer  the  purpose.  But  the 
wood  speedily  became  depressed  below  the  surface  of  the 
gpranite,  either  by  compression  or  by  wear,  and  the  gaps 
thus  made  between  the  stones  had  the  effect  of  increasing? 
instead  of  diminishing  the  noise. 
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Concrete  Pavement. — ^This  pavement,  designed  by  Mr. 
Joseph  Mitchell,  is  laid  on  a  bed  of  Portland-cement 
concrete,  3  inches  deep.  The  bed  may  be  made  with 
broken  stones  or  with  gravel.  It  is  allowed  to  remain 
10  days  for  consolidation.  Paving  sets,  2J  or  3  inches 
wide,  and  5  inches  deep,  are  huUt  on  the  bed,  with  cement 
mortar,  and  the  joints  are  filled  up  with  cement  grout. 
The  best  cement  only  is  used,  and  the  pavement  becomes, 
in  fact,  a  work  of  masonry  8  inches  deep.  A  piece  of  this 
pavement  was  laid  on  George  IV.  Bridge,  Edinburgh,  in 
1866,  where  the  traffic  was  heavy  and  continuous;  and, 
after  3J  years  of  work,  it  was  in  excellent  order,  water 
running  freely  off  the  surface,  whilst  the  wear  was  scarcely 
perceptible,  and  the  surface  was  said  to  be  much  freer 
from  mud  and  dust  than  ordinary  pavement.  The  cost 
was  said  not  to  exceed  that  of  ordinary  pavement  made 
with  sets  9  inches  deep. 

BingharrCe  Patent  Paving, — ^This  pavement  is  like  New- 
land's,  a  compound  wood  and  stone  one,  and  consists  of  a 
combination  of  Tasmanian  hard-wood  and  granite.  The 
foimdation  used  for  this  compound  wood  and  granite 
paving  is  a  bed  of  concrete  of  the  usual  description,  and 
the  blocks  of  hard-wood  and  granite  blocks  or  setts  are 
laid  thereon  in  the  manner  usual  with  these  materials,  the 
blocks  being  laid  dose  together,  the  wood  at  the  sides  and 
ends  of  the  granite  settS;knd  grouted  with  pitch.  The 
depth  of  the  wood-blocks  employed  varies  with  the  granite 
setts,  for  instance  when  new  6-inch  setts  are  employed  the 
wood-blocks  must  be  at  least  6^  inches  in  depth ;  whilst  on 
the  other  hand,  if  old  setts  be  used  the  depth  of  the  wood- 
blocks will  vary  according  to  the  dimensions  of  the  former. 
The  length  of  the  wood-blocks  to  be  placed  at  the  sides 
of  the  granite  setts  is  9  inches,  and  that  of  the  wood- 
blocks to  be  placed  at  the  ends  of  the  latter,  3}-  inches, 
with  a  width  of   1^  inch,  which  dimensions  have  been 
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found  to  be  the  most  advantageous,  as  a  general  rule,  for 
the  purpose. 

The  blocks  ard  formed  of  Tasmanian  stringy  bark  or 
£^ucafyptus  ohliqua,  a  wood  which  is  about  equal  as  regards 
durability  and  antiseptic  properties  to  the  best  of  the 
Australian  hard  woods,  whilst  having  the  advantage  of 
possessing  great  toughness,  which  causes  the  blocks  to 
burr,  and  renders  them  less  slippery  than  some  of  the 
other  hard-wood  blocks.  It  is  claimed  that  this  type  of 
pavement  overcomes  the  danger  of  injury,  to  which  wood 
pavements  are  frequently  liable  to  be  subjected,  by  reason 
of  the  expansion  and  contraction  of  the  wood,  and  also  that 
it  is  both  durable  and  cleanly,  and  affords  a  safe  foothold 
for  horses.  The  Bingham  Pavement  has  been  in  use  in 
various  parts  of  Sheffield  for  two  or  three  years  past,  and 
is  said  so  far  to  have  given  complete  satisfaction. 

Zohr^s  PaUnt  Paving. — This  paving  consists  of  asphalte 
powder  amalgamated  with  cement-concrete  and  formed  into 
blocks  of  suitable  and  varying  thicknesses  by  mechanism 
under  a  high  pressure,  by  which  means  it  becomes  an  in- 
separable whole.  The  blocks  are  laid  in  mortar  on  the  con* 
Crete  bed,  a  thickness  of  2^  inches  being  used.  Experiments 
with  pavements  of  this  description  are  said  to  have  proved 
that  a  complete  internal  combination  of  these  otherwise 
heterogeneous  materials  is  obtained.  In  1893  trial  lengths  of 
this  pavement  were  laid  in  Frankfort,  some  between  vexy 
busy  tramway  lines,  and  they  are  said  to  have  given  great 
satisfaction,  and  to  have  proved  that  it  is  capable  of 
entering  into  successful  competition  with  other  noiseless 
pavements.  Amongst  the  advantages  claimed  for  this 
pavement  are  that  it  is  comparatively  noiseless,  is  quickly 
and  easily  laid,  and  that  it  can  be  easily  opened  up  to 
allow  of  excavations  being  made  for  pipes  or  sewers,  and 
afterwards  relaid. 

Combination  8$U  Panng^-^X  combination  sett  pavement 
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invented  by  Mr.  McDougall,  consists  of  a  vitrified  blue 
paving  brick  measuring  10  inches  x  4^  inches  x  5  inches, 
and  having  recesses  into  which  1  inch  square  creosoted 
wooden  plugs,  2  inches  in  length,  are  driven,  so  as  to 
leave  about  A-ii£ch  projecting  above  the  surface  of  the 
brick.  These  bricks  are  laid  on  a  concrete  bed,  with 
close  joints,  either  hot  pitch  or  a  bituminous  mixture  being 
employed  for  grouting.  It  is  claimed  that  these  paving 
bricks  are  very  durable  and  non-slippery,  and  they 
are  said  to  have  been  used  with  success  in  several  pro* 
vincial  towns 
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CHAPTER   XXn. 

COMPABISON  OP  CARRIAGE-WAY  PAVEMENTS. 

Comparative  Costs, — The  experience  of  haxd-wood  pave- 
ments of  the  best  construction,  for  carriage-ways,  in 
England,  is  of  recent  origin,  and  the  terms  of  a  compara- 
tive statement  of  their  cost  with  that  of  asphalte  must  be 
approximative.  The  results  of  various  estimates  already 
given,  are  here  grouped  together  for  easy  reference,  not 
as  matured  estimates,  nor  even  as  data  for  direct  com- 
parison :— 

Chranite  Favement,  in  the  City  of  London^  excluding  Foundatum, 

Doratioii .  Total  ooet  per  year. 

t^racechuTch  Street  (page  185}      25  years         7'92d.  per  sqnaze  yard 

London  Bridge  (page  184)    .  9      „        Is.  10{d.         „         „ 

Five  Thoroughfares  (page  188)      15^    „        Is.    7d.  mm 

Wood  FavementSf  in  the  City  of  London,  including  Ballast  Foundations. 

Carey's — six  thoroughfares  •        lOJ  years        28.  6d.  per  square  yard 
Improved  Wood— four  do.  .        16     „  (cent.)  2s.  4d.         „         „ 

Asphalte  FavementSy  in  the  City  of  London^  including  Foundations  of 

Concrete, 

Val  de  Travers       ),w  ,      j.v,„,jx«..i-i 

(Compressed)    .  ^^  y"-  (^^*-)  ^^  ^i^*  ^  ^s.  i^d.  per  square  yard 

Limmer  (Mastic)  .     17    »        m      Is.  4id.  to  Is.  1\^        „  „ 

Bamett's  (   „    )  .    18    „        „  .  Is.  lOid- 


t*  » 


An  allowance,  at  the  rate  of  \s,  9d,  per  square  yard  for  the 
first  cost  of  a  concrete  foundation,  may  be  made,  in  esti- 
mating the  addition  to  be  made  to  the  above-noted  costs  of 
granite  pavements,  to  bring  them  into  direct  comparison 
with  the  other  pavements.    But,  the  costs  as  given  for  wood 
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and  asphalte  are  only  nominal.  Reference  to  a  previous 
chapter,  and  to  the  table  below,  shows  that  the  total  cost 
for  construction  and  maintenance  of  hard  and  other  wood<* 
pavements  of  the  best  recent  construction  is  much  less 
than  the  costs  above  given. 

The  cost  of  compressed  Trinidad  asphalte  road  complete 
is  about  12«.  6d.  per  superficial  yard,  with  five  years'  free 
maintenance. 

Mastic  Trinidad  asphalte  for  footpaths  costs  from  49.  per 
yard  superficial  and  upwards  according  to  thickness. 

Mr.  EUice  Clark's  table*  of  the  comparative  cost  of 
various  road  surfaces  compiled  in  1879  is  as  follows : — 

Tablb  JXo.  39*.— Oompa&atxvb  Cost  of  Yabzous  Boid  Sxtsfagbs. 


Beecriptioii. 


Val  de  Travera' 
Compressed 
Ashphalte    . 

Wood  (liver- 1 
pool)  •    .    J 

Ghranite .    .     . 
Macadam  .     . 


6.     d. 


18  0 

16  1-5 

17  9 
4  9 


d. 


9-7 

7-6 

9-6 
2-1 


OQ   OS 


d. 


101 


.a 


it 


8.  d. 

0  3*6 

0  1 

0  1-3 

3  6 


Soavenging 

per 
square  yard. 


d. 


Total. 


8.  d. 

1  1-7 

2  2-3 

1  1-9 

4  81 


The  exact  cost  of  compressed  asphalte  must  naturally 
depend  to  a  great  extent  upon  the  district  in  which  it  is 
laid ;  but  at  Hie  present  time  it  may  be  taken  in  London 
to  be  between  12^.  and  13^.  per  square  yard.  The  usual 
practice  of  the  asphalte  paving  companies  is  to  charge  a 
certain  fixed  price  per  squaxe  yard  for  layings  depending 
upon  the  thickness  of  the  layer  of  asphalte  required^  the 

*  :Broe&$ding9  </  the  Mweiatiw  of  Municipal  and  County  Engimws^ 
vol.  vi. 
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distance  of  the  locality  from  London,  &c.  The  maintenance 
is  arranged  for  either  at  a  fixed  price  per  square  yard  per 
annum  for  a  term  of  years,  or  under  a  schedule  of  prices 
to  meet  the  case.  Seventeen  years  is  the  term  most  ordi- 
narily arranged  for,  two  years  free  and  at  the  rate  of  from 
6d.  to  lOd,  per  square  yard  per  annum  for  the  remainder. 

In  the  United  States,  Barber  asphalte  seems  to  be  the 
most  expensive  type  used,  and  is  presumably  the  best ;  it 
costs  3  dollars  and  50  cents  (14«.  7d,)  per  square  yard,  laid 
on  a  concrete  foundation,  for  the  complete  street.  A  very 
good  asphalte  on  a  stone  or  concrete  foundation  can,  it  is 
said,  be  constructed  for  from  2  dollars  and  50  cents  ( 10«.  5d,) 
to  2  dollars  and  85  cents  (11«.  lO^d.)  per  square  yard 
including  grading  and  curbing.  Sheet  asphalte  in  Cincin- 
nati costs  2  dollars  and  85  cents  (11«.  lOid,)  per  square 
yard  for  the  complete  street. 

Congress  prescribes  in  its  appropriation  bills,  that 
asphalte  pavements  in  Washington  shall  not  cost  more  than 
2  dollars  (8«.  4id,)  per  square  yard,  which,  it  is  to  be  in- 
ferred, does  not  include  curbing,  grading,  and  excavations. 

The  best  Medina  stone  block  pavements  used  in  Buffalo, 
Cleveland,  and  Eochester,  cost,  including  grading  and 
curbing  and_all  work,  3  dollars  (12«.  6i^.)  to  3  dollars  and 
15  cents  (139.  l^d)  per  square  yard.  At  Philadelphia  the 
cost  is  3  dollars  (12«  6d.)  for  their  best  granite  pavement, 
while  at  Cincinnati  it  is  4  dollars  and  25  cents  (17«.  S^d,) 
for  granite,  and  3  dollars  and  75  cents  (15«.  7 id,)  at 
Columbus  for  Medina  stone.  In  the  New  England  States 
the  cost  is  from  2  dollars  and  10  cents  (8«.  9d.)  at  Spring- 
field for  granite  or  sand  foundations  to  3  dollars  (12«.  6d,) 
at  Boston  for  the  same  material  on  a  stone  foundation, 
with  one  piece  at  Providence  on  concrete  foundation  cost- 
ing 4  dollars  (16«.  Sd,)  Almost  all  New  England  and 
interior  New  York  cities  use  only  sand  or  gravel  founda- 
tion, at  a  cost  of  from  2  dollars  and  10  cents  (8«.  9^.)  to 
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2  dollars  and  50  cents  (I0«.  5^.)  per  sq.  yd.,  as  do  also 
Milwaukee  and  Minneapolis,  this  cost  being  for  the  com- 
plete street. 

Brick  pavements  cost  from  1  dollar  65  cents  {6s.  lO^d.), 
laid  on  sand  or  gravel,  to  2  dollars  and  50  cents  {lOs,  bd,), 
laid  on  concrete,  the  cost  further  varying  under  the  same 
influences  that  affect  the  cost  of  other  pavements. 

The  cost  of  the  Garchez  de- vitrified  or  annealed  glass 
bricks  or  blocks  recently  laid  in  Paris  is  given  at  10«.  per 
square  yard. 

The  cost  of  Yorkshire  paving,  3  inches  thick,  laid  in  the 
City  of  London,  amounted,  in  1850,  to  from  6s.  to  6s,  6d. 
per  square  yard;  and  the  average  cost  for  repair 
amounted  to  about  one  penny  per  square  yard  per  year. 
After  remaining  down  for  about  18  years  in  principal 
thoroughfares,  the  paving  was  removed  and  relaid  in 
courts  or  in  streets  of  inferior  traffic,  where  it  was  esti- 
mated it  would  last  from  15  to  20  years  longer.  The  total 
life  was  taken  at  36  years. 

In  1875,  it  was  estimated  that  the  Yorkshire  stone  foot- 
pavements  of  London  lasted  only  7  years  in  the  busiest 
localities,  or  12  years  in  localities  of  small  traffic*  There 
appears  to  be  an  error  in  the  estimate. 

The  cost  of  supplying  and  laying  S-inch  Yorkshire 
flag-stones  in  Liverpool,  before  the  introduction  of  Oaith- 
ness  flags,  was  from  d«.  6d.  to  Zs,  9d.  per  square  yard. 

Average  costs  of  foot  pavements  (G.  J.  Orosbie) : — 

Ttt  equare  yaxd 
8.    d. 

Yorkshixe  Hags         .  •  •  .  .09 

Asphalte,  Val  de  Trayers  •  •  •  .60 

Blue  Briok  Faying    .  •  •  •  .46 

Grayel  Paths .  .  •  •  •  .23 

Comparative  Slipperiness. — Colonel   Haywood,  in  1873, 
•  The  BuUder,  Jqly  31,  1876,  page  679. 
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made  exhaustive  observations  on  the  accidents  to  horses 
on  carriage-way  pavements  in  the  Giiy  of  London: — 
granite,  wood,  and  asphalte.  The  wood  pavements  con- 
sisted of  the  "Improved Wood, "and the  "Ligno-Mineral" 
pavements.  The  asphalte  pavement  was  the  Yal  de 
Travers  (compressed). 

The  average  of  50  days'  observations  showed  that 
granite  was  foxmd  to  be  the  most  slippexy,  asphalte  next^ 
and  wood  the  least.    That, — 

Granite  was  most  slippery  when  dry ;  safest  when  wet. 
Asphalte  „  m    damp;    „       ,,     dry. 

Wood  „  „    damp;    „       „     dry. 

The  numerical  data  upon  which  these  conclusions  are 
founded,  are  summarised  in  the  Table  No.  40. 

Table  No.  40. — Oitt  of  London  : — Gokpabatitb  Slifpebinbss 

OP  Ga&biaoe-wat  Fayekents. 


PAYUaVT. 

Distance  tnTdled  before  a  hone  ISbU. 

Dry. 

Damp.* 

Wet 

▲Tsrage 

of 
GO  days. 

Granite        •        •        ,        • 
Asphalte      .... 
Wood  (two  kinds) 

^y^ 

78 
223 
646 

BfilM. 

168 
125 
193 

Hites. 
637 
192 
432 

132 
191 
880 

Ixnproyed  Wood . 

- 

446 
58 

Here  it  is  to  be  observed,  that  the  worst  condition  of 
pavement  was  dry  granite,  and  the  best  condition  was  diy 
wood.  The  Ligno-mineral  wood  pavement  is  obviously 
far  inferior,  in  point  of  safely,  to  the  Improved  Wood. 
Improved  Wood  may  be  taken  as  representative  of  other 
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wood-pavements  recently  laid,  in  respect  of   safety  to 
horses. 

Comparative  Cofi/vmimoe. — ^Wood  pavements  make  the 
least  noise;  and  asphalte  pavements  make  less  than 
granite.  Of  the  wood  pavements,  the  quietest  are  those 
which  are  laid  on  concrete ;  and  the  closer  the  joints,  the 
quieter  and  steadier  is  the  motion  over  the  pavement. 
For,  in  all  wood  pavements,  the  fibre  is  turned  over  at  the 
edges  into  the  interspaces ;  and  a  series  of  hollows  is 
established  between  the  blocks,  which,  in  the  more  widely 
set  pavements,  give  rise  to  unpleasant  vibration  in  vehicles 
passing  over  them, — ^like  that  produced  by  a  stiff  spring 
insufficiently  loaded.  Henson's  pavement  is  the  only  one 
in  which  such  vibration  is  prevented ;  and  it  is  no  doubt 
the  diyest,  the  smoothest,  and  the  most  silent  of  wood 
pavements,  whilst  it  is  likely  to  be  amongst  the  most 
durable. 

Wood  absorbs  moisture,  and  is  frequently  damp  when 
asphalte  is  dry ;  but  if  it  be  reasonably  clean,  the  damp- 
ness does  not  affect  the  safety  or  the  comfort  of  the  traffic. 
Colonel  Haywood  says  that,  although  some  streets  in  the 
City  have  been  paved  with  wood  for  thiriy  years,  no  com- 
plaints of  offensive  smell,  or  of  unhealthiness,  have  been 
made  to  the  Commission. 

The  Committee  of  the  Society  of  Arts,  on  IVactim  on 
BoadSy  express,  in  their  report,*  very  strong  sanitary 
objections  to  wood  as  a  material  for  pavements.  Since  that 
report  was  written  the  practice  of  wood  paving  has  been 
much  improved.  As  Colonel  Haywood  puts  it,  ''in  con- 
fined places,  and  under  some  conditions,  wood  might  be 
objectionable.  I  have  seen  it  decaying  in  confined  places 
without  traffic." 

^  Frinted  in  the  Journal  of  the  Society  o/Artt,  June  26,  1875. 
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1 


IVactioM  on  Various  Road  Surfaces.  —  An  American 
authority,  Mr.  Budolph  Hering,  is  reported  to  have  said,* 
that  if  1  horse  can  just  draw  a  load  on  a  level  road  on 
iron  rails,  it  will  take  If  horses  to  draw  it  on  asphalte,  3^ 
horses  on  the  best  Belgian  block  pavement,  5  horses  on  the 
ordinary  Belgian  pavement,  7  horses  on  good  cobble  stones, 
13  horses  on  bad  cobble  stones,  20  horses  on  an  ordinary 
earth  road,  and  40  horses  on  a  sandy  road. 

Table  No.  40*.— Ck>MPABA.TiVB  Cost  of  Bbzcz  Pavino  in  London 
AS  Compared  to  othbe  Matbbials. — G.  WooUiseroft. 

B.  d.      1.  d. 
Granite  setts,  6-m.  by  3-ia.,  laid   and    grouted  with 

Htmninous  grout    .        .        .        .        .        .        .    12  6  to  13  6 

CreoBoted  yellow  deal,  3-in.  by  4i-in.,  with  bituminous 

grout 76to86 

Jarrah  or  Karri,  3-in.  by  4}-in.,  with  bituminous  gh)ut    10  6  to  11  6 
Compressed    asphalte,    2-in.    thick,    with    bituminous 

grout 10  0 

Woolliscroft  bricks,  9-in.  by  4|-in.  by  2f -in.  on  1  to  l}-in. 

ousbiun  of  sand 7  4 

Add  to  each  of  the  above  a  6-in.  concrete  foundation  at  2s.  6d.  per 
super  yard. 

♦  "  Asphalt  Pavements.*'    ByS.  Whinery.    Journal  qf  th4  Ag9oci4h 
Hon  of  Bnffineerin^  Societies,  Philadelphia,  1894. 


CHAPTER  XXm. 
FOOTPATHS.— CROSSINGS. 

Footpaths. 

Footpaths,  general  eharaeteristie  features, — ^A  great  numbet 
of  different  materials  are  employed  for  the  paving  of  foot- 
paths or  footways,  the  extensive  use  of  any  particular 
paving  material  in  a  district  being  naturally  generally  due, 
to  a  very  large  extent,  to  the  greater  or  lesser  facility  with 
which  it  can  be  procured  in  the  neighbourhood.  As 
regards  the  width  of  a  footpath,  this  will,  of  course,  have 
to  be  governed  by  a  variety  of  circumstances.  That  laid 
down  by  the  model  bye-laws  of  the  Local  Government 
Board  is  that  it  should  be  not  less  than  one-sixth  of  the 
entire  width  of  the  street.  The  same  authority  also  pro- 
vided that  the  footway  is  to  have  a  fall  or  slope  towards 
the  curb  at  the  rate  of  half  an  inch  in  every  foot  of  width 
if  unpaved,  and  at  the  rate  of  one  quarter  inch  and  not 
more  than  one  half  inch  in  every  foot  of  width  if  paved. 

An  ideal  material  for  paving  footpaths  should  possess 
certain  qualities  which  are  easy  enough  to  deiine  but  which 
it  is  a  far  more  difficult  matter  to  find  in  any  one  material, 
indeed  all  the  materials  in  use  up  to  the  present  are  found 
wanting  in  the  one  or  other  respect.  The  qualities  that 
should  be  looked  for  in  a  practically  perfect  material  for 
paving  footpaths  are  as  follows : — ^It  should  be  possessed 
of  good  wearing  qualities,  be  not  easily  abraded,  and 
whilst  having  a  smooth  and  pleasant  surface  to  walk  upon, 
be  at  the  same  time  neither  slippery  when  new  nor  become 
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80  from  wear.  The  texture  of  the  material  should  be  as 
nearly  uniform  as  possible  so  as  to  thereby  insure  aU  parts 
of  the  pavement  wearing  the  same,  or  practically  so.  It 
should  be  as  impervious  to  water  as  possible.  It  should 
be  of  such  strength  as  to  enable  it  to  withstand  shocks  due 
to  falling  objects,  &c.  It  should  be  as  nearly  as  possible 
uniform  in  colour  for  appearance  sake,  and  have  a  surface 
of  such  a  nature  that  there  wiU  be  the  minimum  tendency 
of  dirt  to  stick  to  it. 

Materiala  employed  far  pa/oing  Footpaths. — ^Broadly,  pave- 
ments for  footpaths  are  of  two  kinds  or  classes,  viz.: 
Firstly — ^Those  consisting  of  a  number  of  slabs  or  blocks 
laid  upon  a  more  or  less  solid  foundation  and  having  their 
joints  or  interstices  grouted  with  some  suitable  material. 
And  secondly — ^Those  which  are  laid  in  situ.  The  first  of 
these  two  main  classes  is  subdivisible  into  natural  stones, 
artificial  stones,  and  bricks  or  blocks  formed  of  some  suit- 
able  material.  And  the  second  is  subdivisible  into  con- 
Crete  paving  and  asphaltic  paving. 

Natural  Stone  Pavements,-— ThQ  natural  stones  employed 
for  paving  footpaths  comprise  granite  slabs,  blue  lias 
flagging,  Devonian  limestone  flagging,  pennant  flagging, 
purbeck  flagging,  lazenby  flagging,  Yorkshire  flagging, 
and  Caithness  flagging. 

Qranite  slabs  form  a  foot  pavement  of  extreme  strength 
and  durability,  but  are  both  costly  and  difficult  to  work, 
and  after  a  certain  amount  of  wear  they  are  liable^  to 
become  dangerously  slippery.  The  slabs  usually  employed 
are  from  3  to  6  inches  in  thickness. 

Blue  lias  flagging  is  cheap,  durable,  and  cleanly,  but  is 
liable  to  become  slippery  with  wear. 

Devonian  limestone  flagging  is  a  very  fair  material  for 
the  purpose  and  extensively  used  in  the  West  of  England. 

Pennant  flagging  is  a  sandstone  which  is  obtained  in  the 
vicinity  of  Bristol  and  weighs  about  168  pounds  per  cubic 
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foot.    It  is  a  favourite  stone  for  paving  footpaths  in  some 
.districts. 

Forbeok  is  a  limestone  which  is  found  in  the  oolitic  series 
in  Dorsetshire,  it  weighs  about  169  pounds  per  cubic  foot, 
and  is  mostly  found  in  small  stones.  It  possesses  the 
quality  of  great  durability  but  is  inclined  to  wear  slippery. 

Lazenby  flagging  is  from  the  Penrith  sandstone  forming 
the  lowest  member  of  the  Permian  group  in  the  district  of 
Penrith  in  Cumberland.  It  is  of  an  orange-red  and 
yellowish  colour  and  forms  an  excellent  flagging,  being  not 
only  exceedingly  durable,  but  also  affording  a  good  foothold 
whether  wet  or  dry .  If  well  laid  on  a  good  foundation 
these  fli^  will  wear  evenly  down  from  a  thickness  of  three 
inches  to  one  and  three  quarter  inch  or  less. 

Yorkshire  flagging  although  perhaps  the  most  extensively 
employed  has  a  number  of  very  serious  disadvantages, 
amongst  which  are  those  that,  firstly,  the  stones  vary 
vexy  much  in  degrees  of  hardness,  with  a  natural  conse- 
quence of  uneven  wear  and  depressions  which  retain  water 
in  wet  weather;  secondly,  water  is  liable  to  accumulate 
beneath  the  flags,  and  when  they  are  poorly  set  is  squirted 
out  when  trod  upon ;  thirdly,  the  stone  laminates  in  frosty 
weather ;  and  finally,  fourthly,  as  compared  with  its  degree 
of  durability  the  stone  is  expensive.  On  the  other  hand 
it  must  be  acknowledged  that  it  possesses  several  very  ex- 
cellent qualities,  for  instance,  it  does  not  get  slippery 
through  wear;  can  be  taken  up,  redressed,  or  turned,  and 
again  used,  with  facility ;  is  capable  of  being  worked  with- 
out trouble  to  irregular  frontages ;  and  the  stones  being 
obtainable  of  large  size  can  be  made  to  break  joint  pro- 
perly, are  pleasant  to  look  at,  and  form  an  agreeable 
surface  to  walk  upon.  The  stone  consists  of  two  classes, 
what  is  known  as  *^  soft-bedded  "  and  *'  riving  stone.''  The 
latter  class,  which  is  that  most  used  for  flagging,  is  again 
sub-divisible  into  the  white  and    brown    varieties,    the 


336  ARTlFIdAt   StONfi  FOOTPATHS. 

fonner  being  the  hardest  and  most  durable,  and  disc) 
including  blue  and  grey  stone.  The  price  of  Yorkshire 
flagging  3  inches  thick,  laid,  varies  from  3s.  6d.  per  square 
yard  up  to  8s.  6d.  per  square  yard,  and  even  higher 
according  to  the  district. 

Caithness  flagging  possesses  all  the  good  qualities  of 
Yorkshire  flagging,  and  is  free  from  some  of  its  disadvan- 
tages. It  is  durable,  and  wears  evenly  over  its  entire 
surface,  is  impervious  to  moisture,  not  affected  by  frost, 
soon  dries  up  again  after  rain,  does  not  scbAb  or  flake,  and 
is  not  liable  to  become  dangerously  slippery  from  wear. 
It  is,  besides,  a  very  clean  material,  and  not  liable  to 
become  coated  with  dirt  and  dust.  A  considerable  saving 
is  effected  by  the  use  of  this  stone,  inasmuch  as  its  natural 
faces  can  be  used,  and  as  the  edges  are  sawn  it  will  be  seen 
that  the  joints  can  be  made  with  expedition,  and  will, 
moreover,  have  a  very  neat  and  pleasing  appearance.  The 
resistance  of  this  stone  to  bending  stress  is  greater  than 
that  of  Yorkshire  flagging,  and  it  is  capable  of  with- 
standing heavy  loads  without  injury.  The  fact  that  the 
flags  can  be  again  laid  after  they  are  half -worn,  joined  to 
the  above-mentioned  saving  due  to  the  possibility  of  using 
the  natural  faces  of  the  stone,  render  it  veiy  economical 
for  footpath  paving.  The  flagps  can  be  laid  from  H  inches 
to  2  inches  in  thickness. 

Artificial  Stone  Pavements, — ^What  are  generically  known 
as  artificial  stones  consist  of  two  classes,  the  one  wherein 
a  mechanical  process  is  employed,  and  which  are,  in  reality, 
all  varieties  of  concrete  slabs ;  and  the  second  wherein  a 
chemical  process  or  a  combination  of  the  two  processes  are 
employed.  A  large  number  of  artificial  stones  have  been 
devised,  and  of  those  which  are  in  use  the  following  may 
be  mentioned:  Firstly  (mechanical  process),  Adamant 
stone ;  Indurated  stone ;  Stuart's  granolithic  stone ;  Clinker 
stone;  and  Metallic  lava.  Secondly  (chemical  process), 
Victoria  stone  \  Bansome's  stone ;  and  Imperial  stone. 
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Mechanical  process, — Adamant  stone  is  manufactured  by 
a  purely  mechanical  process.  It  consists  of  finely-crushed 
Aberdeen  granite  and  the  finest  Portland  cement,  and  these 
materials  having  been  properly  mixed  in  a  suitable  mould 
are  subjected  to  a  high  pressure  in  an  hydraulic  press. 
The  effect  of  this  pressure,  which  amounts  to  some  hundreds 
of  tons,  is  to  completely  expel  from  the  mass  all  air  and 
moisture,  and  to  form  a  complete  amalgamation  of  the 
materials,  the  stone  thus  manufactured  being  both  dense 
and  non-porous.  From  the  result  of  tests  carried  out  by 
Messrs.  D.  Kirkcaldy  and  Son,  it  appears  that  a  block  of 
this  artificial  stone,  12  inches  square  by  2^  inches  in  thick- 
ness, was  crushed  at  413*1  tons. 

These  paving  slabs  are  ordinarily  manufactured  in  three 
sizes,  viz.,  3  feet  by  2  feet ;  2  feet  6  inches  by  2  feet ;  and 
2  feet  by  2  feet,  the  slabs  being  2  inches  thick  in  each  case, 
and  being  capable  of  being  manufactured  and  ready  for 
use  in  a  few  days. 

The  Patent  Indurated  Stone  Company,  of  MiUwall, 
London,  manufacture  a  type  of  paving  for  footpaths  which 
they  term  Patent  Indurated  Slab  Paving.  These  paving 
slabs  are  composed  of  Portland  Cement  tested  thoroughly 
for  strength  and  soundness,  and  Granite  Chippings  of  a 
quality  calculated  to  give  the  best  results  when  incorporated 
with  the  Portland  Cement.  During  the  process  of  manu- 
facture, the  raw  materials  are  hardly  treated  by  hand 
labour  from  the  time  of  being  put  into  the  conveyor, 
which  supplies  the  special  mixing  apparatus,  to  the 
time  when  the  concrete  is  moulded  to  a  true  and  perfect 
slab,  thus  securing  a  perfect  uniformity  of  quality. 

A  high  degree  of  cohesion  between  the  cement  and  the 
other  materials  is  produced  by  patent  machinery,  and  the 
result  is,  a  paving  which  the  makers  claim  is  capable  of 
defying  alike  the  ravages  of  time  and  the  wear  of  foot 
traffic,  and  which  does  not  become  slippery. 

z 
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This  artificial  stone  is  said  to  be  approved  of,  and  to  be 
used  at  the  present  time,  by  a  large  number  of  public 
bodies.  The  durability  of  the  flags  is  shown  by  the  fact 
that  slabs  which  have  been  laid  in  Poplar,  where  the  traffic 
is  very  severe,  have  been  taken  up  after  eleven  years,  and 
the  wear  during  that  time  has  been  found  to  be  less  than 
i\th  of  an  inch. 

Stuart's  granolithic  stone  is,  as  its  name  implies,  composed 
of  finely  divided  granite  concrete.  The  granite  is  broken  to 
the  size  of  f  of  an  inch  and  smaller,  and  Portiand  cement 
is  employed,  the  proportions  being  preferably  from  three 
to  four  parts  of  the  former  to  one  part  of  the  latter.  Mr. 
P.  Stuart,  the  inventor  of  the  above  composition,  has  also 
defised  a  pavement  for  footpaths,  in  which  the  paving  slabs 
or  blocks,  which  are  made  of  the  above-mentioned  grano- 
lithic concrete,  have  formed  in  them  conduits  for  telegraph, 
telephone,  and  electric  light,  and  other  wires  or  cables. 
These  slabs  or  blocks  are  either  moulded  or  they  are 
made  in  one  piece,  or  in  upper  and  under,  or  lower  pieces, 
or  they  are  made  with  a  hoUowed-out  or  concave  portion, 
intended  for  the  reception  of  the  wires,  &c.,  in  which  latter 
case  the  edges  of  the  slabs  rest  either  on  the  groimd  or  on 
a  foundation  of  concrete.  This  material  is  now  usually 
laid  in  situ  instead  of  being  formed  into  separate  paving 
slabs  or  blocks,  and  a  more  extended  description  thereof 
will  be  found  under  the  heading  of  pavements  for  foot- 
paths laid  in  this  manner. 

Clinker  stone  consists  of  the  clinker  obtained  from  the 
burning  of  town  refuse  in  dust  destructor  furnaces  formed 
into  paving  blocks  or  slabs  by  disintegrating  same,  and 
mixing  with  Portiand  cement  in  suitable  proportions. 
Concrete  paving  slabs  or  blocks  made  from  this  material 
are  far  inferior  to  those  made  with  granite  or  other  more 
durable  material,  but  they  possess  the  advantage  of  being 
cheap,  and  therefore  form  a  suitable  medium  for  the 


ARTIFICIAL  STONB  FOOTPATHS.  339 

paving  of  the  footpaths  in  second  and  third  rate  streets 
where  the  traffic  is  not  heavy. 

Metallic  lava,  a  name  given  to  a  stone  which  was  in- 
vented by  Orsi,  is  composed  of  broken  gravel  or  stone, 
pounded  chalk,  tar,  and  wax.  The  usual  proportions  being 
3  parts  of  the  first,  2  parts  of  the  second,  1  part  of  the 
third,  and  iVth  part  of  the  fourth.  The  process  of  manu- 
facture consists  in  first  melting  the  tar  in  a  suitable  boiler 
or  cauldron  and  subsequently  adding  the  remainder  of  the 
ingredients.  The  plastic  mass  thus  formed  is  then  cast  into 
mouldi^  into  the  desired  slabs  or  blocks.  In  order  to 
improve  the  appearance  of  the  stone  it  is  usual  to  also  add 
a  mineral  colour. 

Chemical  process,  —  Victoria  stone  consists  of  finely- 
crushed  granite  well  washed  by  special  machinery,  and  of 
Portland  cement,  the  material  being  subsequently  steeped 
in  a  solution  of  natural  silica  to  harden  it  and  fill  up  the 
pores.  The  aggregate  is  well  mixed  by  suitable  machinery 
whilst  in  a  dry  condition,  after  which  water  is  added, 
great  precautions  being  taken  not  to  allow  the  water  to 
carry  away  any  of  the  finer  and  more  soluble  portions  of 
the  cement.  The  concrete  thus  made  is  placed  in  metal- 
lined  wooden  moulds,  and  worked  by  hand-trowelling  imtil 
all  the  angles  and  sides  are  filled  up,  and  sharp  arrises  are 
insured.  The  moulds,  when  filled  in  the  above-described 
manner,  are  left  on  the  benches  in  the  moulding  sheds 
tmtil  the  concrete  has  sufficiently  set,  and  a  sufficient 
amount  of  the  water  of  plasticity  has  become  evaporated 
to  admit  of  the  slabs  receiving  a  beneficial  influence  from 
the  silicating  operation.  This  hardening  or  indurating 
process  is  an  absorption  one,  and  the  best  effects  are 
attained  when  operating  upon  a  mass  of  a  certain  porosity 
into  which  it  is  possible  to  introduce  an  accurately-prepared 
liquid  silicate  of  the  desired  specific  gravity.  As  soon  as 
the  slabs  have  sufficiently  dried,  the  mouldS|  which  are 
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made  in  separate  pieces,  are  removed,  and  the  partially- 
dried  slabs  are  then  placed  side  by  side  in  tanks  situated 
in  sheds  in  the  silicating  yard,  which  tanks  are  then  filled 
with  silicate  solution,  so  as  to  cover  or  immerse  the  slabs, 
and  the  latter  are  allowed  to  remain  until  the  proper 
beneficial  influence  has  been  imparted  to  them.  The  time 
required  to  harden,  or  indurate  the  flags  is  not  a  fixed  or 
arbitrary  one,  but  depends  entirely  upon  the  condition  of 
the  slabs  and  their  capacity  for  absorption ;  as  a  general 
rule,  however,  about  fourteen  days  is  found  under  ordinary 
circumstances  to  be  sufficient  to  secure  the  desired  effect. 
After  removal  from  the  silicating  tanks  the  slabs  are  stacked 
in  the  stone  yard,  and  are  there  left  to  season,  being 
removed  in  the  order  of  their  age. 

The  analysis  of  a  piece  of  Victoria  stone  paving  is, 
according  to  Mr.  H.  Reid,*  as  follows :  Silica,  50*35  ; 
alumina,  11*87;  oxide  of  iron,  7*33;  lime,  18*33;  mag- 
nesia, 2*03  ;  potash,  1*78  ;  soda,  3*81 ;  carbonic  acid,  1*80; 
water,  organic  matter,  &c.,  2.  70 — total,  100*00.  The 
crushing  weight  per  cubic  inch,  from  tests  by  Messrs.  D. 
Kirkcaldy  and  Son,  is  8,321  pounds,  and  the  tensile  strain 
1,310  pounds  per  square  inch. 

The  slabs  of  Victoria  Stone  have  a  neat  and  pleasing 
appearance  when  laid,  and  form  a  durable  pavement, 
which  wears  uniformly,  and  does  not  become  dangerously 
slippery.  The  slabs  are  made  in  a  number  of  different 
sizes,  but  those  in  most  general  use  are  2  feet  6  inches  in 
length,  by  2  feet  in  width,  and  2  feet  square,  the  thickness 
in  each  instance  being  2  inches.  Paving  slabs  of  this 
thickness  weigh  from  25  pounds  to  26  pounds  per  foot 
superficial. 

Bansome's  stone  is  claimed  to  be  superior  to  concrete 
blocks  inasmuch  as  in  appearance  it  is  not  distinguishable 

*  **  A  Practical  Treatise  on  Natural  and  Artificial  Concrete."  "By 
H.  Reid.    London :  E.  &  F.  N.  Spon,  Ltd. 
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from  ordinary  stone.  The  metliod  of  manufacture  em- 
ployed is  to  thoroughly  mix  a  suitable  sand  or  crushed 
rock  with  proper  chemicals,  and  mould  the  mass,  whilst  in 
a  plastic  condition,  into  the  required  form  of  slabs  or 
blocks,  which  latter  will  perfectly  retain  their  shape  after 
the  removal  of  the  mould.  These  slabs  or  blocks  are  then 
hardened  by  the  application  of  another  chemical,  applied 
by  means  of  a  suitable  apparatus  comprising  an  arrange- 
ment of  vacuum  pumps,  which  chemical  acts  upon  those 
previously  used  in  such  manner  as  to  firmly  unite  the 
grains  of  sand  by  means  of  an  insoluble  bond  of  silicate  of 
lime.  It  is  generally  admitted  that  silicate  of  lime  is  the 
strongest  and  most  permanent  cementing  ingredient  which 
can  be  found,  and  it  is  that  of  some  of  the  best  of  the 
natural  sandstones,  and  the  great  hardness  and  durability 
of  Portland  cement  are  due  to  the  presence  of  the  same 
substance.  Silicate  of  lime  likewise  possesses  the  very 
important  advantage  of  being  proof  against,  and  liable  to 
no  injurious  action  whatever  from,  the  various  acids  which 
are  largely  generated  in  cities  and  towns  by  the  use  of 
coal  fuel,  and,  consequently,  any  stones,  whether  they  be 
natural  or  artificial,  whose  particles  are  united  by  this 
cement  are  found  to  be  the  most  durable  for  use  in  cities 
or  towns,  or  wherever  the  atmosphere  is  impregnated  with 
acid  vapours.  The  slabs  or  blocks  of  this  artificial  stone 
can,  if  necessary,  be  worked  exactly  like  any  natural 
freestone. 

In  the  course  of  the  process  of  manufacture,  the  alkali 
combines  with  the  free  silica,  and  a  species  of  glass  is 
formed,  thus  the  several  materials  are  cemented  together 
by  a  substance  which  does  not  admit  of  the  smallest 
absorption  of  moisture,  hence  the  ability  of  Eansome's 
stone  to  resist  the  attacks  of  frost  and  other  atmospheric 
action,  and  its  extreme  hardness.  The  solution  of  silicate 
of  soda  is  prepared  by  digesting  flints  by  boiling  them  in 
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a  caustic  solution  of  soda  in  a  high  pressure  boiler,  and 
the  proportions  employed  are  one  gallon  of  the  silicate  of 
soda,  haying  a  specific  gravity  of  1*165,  to  each  bushel  of 
well-dried  sand,  the  interstices  of  which  are  partially  filled 
with  dust  of  carbonate  of  lime.  The  plastic  mass  is  then, 
after  careful  mixing,  removed  to  the  moulds,  and  after 
running,  and  motdding,  the  slabs  or  blocks  are  immersed 
in  a  solution  of  chloride  of  calcium,  when  a  reaction  takes 
place,  and  the  silicate  of  soda  and  chloride  of  calcium 
mutually  decompose  each  other  and  reunite  as  silicate  of 
lime  and  chloride  of  sodium,  the  first  being  practically  in- 
destructible in  air,  whilst  the  latter  (common  salt)  is 
perfectly  deliquescent,  and  can  be  removed  by  washing, 
leaving  the  stone  impermeable  to  water.  It  is  of  g^eat 
importance  that  this  washing  operation  be  properly  per- 
formed, as  if  this  be  not  done,  and  the  sodiimi  chloride  be 
not  completely  removed,  it  will  subsequently  make  its 
appearance  in  the  form  of  an  unsightly  white  efflorescence 
on  the  surface. 

The  weight  of  this  artificial  stone  averages  from  120  to 
130  pounds  per  cubic  foot,  and  its  porosity  is  about  equal 
to  that  of  a  natural  stone  of  a  similar  texture.  Samples 
of  the  stone  have  been  subjected  to  the  usual  sulphate  of 
soda  test,  and,  according  to  statements  by  the  inventor  and 
others,  have  withstood  its  action  perfectly.  Pieces  have, 
moreover,  been  immersed  in  water  and  frozen,  then 
heated,  and  again  frozen,  without  giving  evidence  of  the 
slightest  sign  of  injury,  a  satisfactory  result  due  to  the 
perfectly  homogeneous  nature  of  the  stone,  and  the 
total  absence  of  bed  and  strata.  Tests  as  regards  crushing 
weights  have  given  excellent  results  as  compared  with 
those  obtained  from  similar  tests  applied  to  the  best 
natural  sandstones,  cubes  of  4  inches  square  having  been 
found  to  have  a  crushing  strength  of  from  44  to  48  tons. 
Experiments  for  tensile  strain  on  pieces  having  a  sectional 
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neck  area  of  2*25  square  inclies  gave  a  tensile  strain  of 
1,000  to  1,200  pounds  on  the  average,  which  is  very  satis- 
factory when  it  is  remembered  that  that  of  the  best  London 
Portland  cement  breaks  at  a  tensile  strain  of  from  700  to 
800  pounds. 

The  nature  of  this  artificial  stone  being  gritty,  and  pos- 
sessing great  uniformity  of  texture,  it  is  not  liable  to 
become  slippery  through  wear,  nor  to  wear  unevenly. 

Imperial  stone  is  made  with  granite  reduced  to  pass 
through  a  -A-inch  mesh,  which,  after  having  been  well 
washed,  is  mixed  with  the  best  Portland  cement  in  the  pro- 
portion of  three  parts  of  the  former  to  one  part  of  the 
latter,  and  is  subsequently  indurated  or  hardened  with 
soluble  silicate  of  soda.  This  latter  is  made  from  pure 
flint  and  caustic  soda,  as  in  the  case  of  Bansome's  stone, 
and  the  clear  viscid  substance  is  usually  digested  by  heat, 
under  pressure,  in  a  Papin  digester,  or  other  suitable 
apparatus.  The  materials  are  first  mixed  together  whilst 
in  a  dry  condition  in  a  horizontal  cylindrical  mixer,  and 
water  is  then  added  by  degrees  as  the  mixing  continues,  on 
the  completion  of  which  the  concrete  is  put  into  metal- 
lined  moulds,  and  is  placed  on  a  machine  similar  to  that 
employed  for  packing  tea  chests,  by  which  a  rapid  vibratory 
vertical  motion  is  imparted  to  the  mould,  and  the  plastic 
mass  caused  to  settle  down  therein,  so  as  to  get  rid  of  most 
of  the  air  spaces  and  produce  a  greater  uniformity  of 
texture.  The  operation  of  mixing  the  concrete,  and 
moulding  the  slab  or  block,  occupies  about  six  minutes, 
and  after  two  days'  drying  it  is  taken  from  the  mould  and 
is  allowed  to  dry  in  the  air  for  from  seven  to  nine  days. 
The  slab  or  blocks  moulded  in  this  manner  are  finally  kept 
immersed  in  a  bath  of  silica  for  from  seven  to  nine  days, 
and  on  removal  are  left  stacked  in  the  open  for  several 
months,  after  which  they  are  ready  for  use. 

Machine  for  the  Manufacture  of  Artificial  Flags. — That  the 
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use  of  artificial  flags  is  rapidly  advancing  is  well  known  to 
all  those  interested  in  the  subject,  and  is  abundaTitly 
evidenced  by  the  fact  that  not  only  have  many  miles  of 
footways  in  London  been  constructed  of  Bausome's, 
Victoria,  Imperial,  and  other  artificial  stones,  but  even  in 
the  centre  of  the  stone  district  of  Yorkshire  their  nse  is 
becoming  frequent.    A  number  of  machines  have  been 


Fig.  6(l.~CoDtiiinousrActlng  Uacbioe  tot  maBufaotnriDe  Arhfidul  Flags. 

devised  for  the  manufacture  of  artificial  flags,  one  of 
which  of  very  ingenious  construction  is  shown  in  our 
illustration.  Fig.  I>6.  This  machine,  which  is  made  by 
Messrs,  Henry  Berry  &  Co.,  Ltd.,  Leeds,  comprises  a  heavy 
revolving  cross-shaped  table,  and  two  rams,  the  first  and 
most  powerful  of  which  is  employed  for  pressing  the  flags, 
and  the  second  of  which  ia  only  used  for  forcing  the 
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finished  flags  to  leave  the  moulds.  The  above-mentioDed 
revolving  cross-shaped  table  is  mounted  upon  a  fixed 
circular  table  having  a  truly  planed  perfectly  level  upper 
surface,  and  the  four  arms  of  the  former  are  provided  with 
rectangular  holes  corresponding  with  the  largest  size  of 
flag  which  the  machine  will  make,  the  moulds  being 
bolted  in  position  in  the  manner  clearly  shown  in  the 
illustration. 

In  operating  the  machine  a  nicely-fitting  and  perfectly 
true  loose  metal  plate  is  first  laid  in  the  mould,  shown  on 
the  right-hand  side  of  the  illustration,  so  as  to  rest  upon 
the  fixed  table,  and  the  mould  is  then  filled  with  concrete. 
A  quarter  turn  is  then  imparted  to  the  revolving  table 
through  the  chain-gearing  and  rack,  and  the  concrete  in 
the  filled  mould  is  levelled  off,  after  which  a  second  quarter 
turn  imparted  to  the  table  brings  it  into  position  below  the 
first  ram.    This  ram  is  then  put  in  operation,  and,  com- 
mencing with  a  pressure  of  500  pounds  per  square  inch,  is 
gradually  increased  by  intensifying  up  to  one  of  3,500 
pounds  per  square  inch.    After  this  pressing  operation  is 
completed,  a  third  quarter  turn  is  imparted  to  the  table, 
and  the  mould  is  brought  into  position  beneath  the  second 
ram,  which  forces  the  flag  and  the  loose  plate  out  of  the 
mould  and  through  a  hole  in  the  fixed  table  on  to  a  trolley 
beneath ;  and  a  subsequent  fourth  quarter  turn  brings  the 
mould  into  its  original  position.    It  will  be  seen  that  the 
operation  of  the  machine  will  be  continuous,  one  mould 
being  constantly  in  a  position  for  filling,  another  for  level- 
ling off,  a  third  for  pressing,  and  a  fourth  for  the  ejection 
of  the  finished  flag,  and  so  on  ad  infinitum,  four  men  or 
boys  being  engaged  in  this  work.   This  machine  is  capable 
of  turning  out  flags  at  the  rate  of  about  one  a  minute,  and 
of  making  them  of  the  following  sizes :  2  feet  by  2  feet ; 
2  feet  by  2  feet  6  inches ;  2  feet  by  3  feet ;  2  feet  6  inches 
by  2  feet  6  inches ;  and  2  feet  6  inches  by  3  feet. 
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Brieh  Footpath  Pavements, ---K  very  favourite  material  for 
paving  footpaths  or  footways  in  many  parts  of  the  country 
is  brick,  and  no  better  pavement  of  this  class  is  to  be 
found  than  that  composed  of  Staffordshire  blue  bricks. 
These  pavings  have  been  in  use  for  a  considerable  number 
of  years,  and  they  have  been  adopted  by  the  leading  sur- 
veyors and  engineers — ^borough,  county,  urban  district, 
and  rural  district — in  every  part  of  the  kingdom. 

Amongst  the  advantages  possessed  by  bricks  for  foot- 
path paving  purposes  are  that  they  are  convenient  in  size 
and  can  be  laid  by  any  ordinary  bricklayer.  They  have 
the  great  advantage  of  admitting  of  the  pavement  being 
readily  taken  up  for  laying  mains,  cables,  &c.,  beneath  the 
footpaths — a  factor  of  considerable  importance  in  these 
days  of  electric  lighting,  underground  telegraph  and  tele- 
phone wires,  &c. — without  disfiguring  the  surface  of  the 
pavement,  as  is  more  or  less  the  case  with  asphalte  and 
similar  pavements  which  are  laid  in  situ.  They  can  also 
be  relaid  by  any  handy  man,  without  necessitating  the 
employment  of  a  skilled  pavior,  as  would  be  required  for 
the  relaying  of  large  flags. 

Blue  bricks  for  paving  footpaths  are  manufactured  in 
various  sizes  from  9  inches  by  4^  inches  by  li  inches,  up 
to  12  inches  by  6  inches  by  2 J  inches,  and  plain-faced  or 
in  various  patterns.  These  bricks  are  made  by  one  firm 
(Hamblet's,  Limited,  West  Bromwich)  with  the  same  pat- 
tern on  both  sides  (reversible),  which  reduces  the  damage 
in  transit  and  cartage  to  a  minimum,  as  it  allows  the 
pavior  to  put  the  best  face  upwards  should  any  bricks 
have  the  misfortune  to  get  damaged.  In  cases  where  the 
reversible  pavings  are  laid  upon  a  sound  ash  foundation, 
it  also  allows  of  the  bricks  being  reversed  after  a  con- 
siderable amount  of  wear— making  a  practically  new 
pavement. 

Fig.  67  is  a  diagram  showing  how  plain  paving  bricks 
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may  be  laid  ia  Bquares,  an  arrangement  wMch  has  a  very 
neat  appearance.  A  simple  pattern  of  paving*  brick  ia  that 
shown  ia  Fig.  68,  which  is  knonm  as  "Alepid"  parings, 


P]g.  ST.— Siagtam  ehoving  metbod  of  laying  plain  FaTing  Bii<^  in  iquHes. 

and  which  not  only  aSords  a  better  foothold  than  is  the 
case  with  ordinary  plain  paying  bricks,  but  also  obviates 
the  scaling  from  the  surface  so  frequently  experienced  in 


Pig.  68.—"  Alepid  "  putteni  Fating  Bricb. 

the  latter.    This  type  of  pavement  retains  the  plain  surface 
and  appearance  of  the  plain  brick. 
In  using  pavings  with  a  figured  face  (chequered  or 
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otlierwise)  the  joints  of  the  bricks  can  be  readily  cod- 
cealed  by  using  a  brick  with  a  pattern  complete  in  itself. 
For  instance,  a  "  square  "  chequered  brick,  eueh  as  that 


or  chequered  patfBm  PaTiDg  Briolu, 


Bhown  in  Tig,  63,  or,  if  this  is  thought  to  be  too  monoto- 
nous,  a  pattern  (manufactured  by,  Hamblet'a,  Limited) 


under  a  registered  design  such  as  that  shown  in  Fig.  70, 
would  be  found  very  effective,  and  it  wiU  be  seen  that 


BRICK    FOOTPATHS.  349 

Biicli  patterns  as  iHxese  have  a  distinct  advantage  over  the 
popular  and  largely  used  diamond  chequered  brick  sho^n 
in  Fig.   71,   in  which  the  pattern  is  cut  through  by  the 
joint. 
For  durabilit;  these  pavings  cannot  be  Borpasscd  by 


Pig.  71.— Diunoud  ohequcred  pattern  fsTing  Bricks. 

any  other  kind  of  footpath  pavings  upon  the  market,  and 
they  are  non- absorbent,  easily  cleansed,  and  dry  rapidly 
after  rain.  They  are  also  non-slippery,  and  Tvlien  well 
Iwd  give  a  very  pleasing  effect. 

Tile  Footpath  Pavements. — A  tile  for  paving  footpaths  is 
manufactured  by  the  Sanitary  Block  and  Tile  Pavement 
Company,  Limited,  whose  paving  blocks  for  carriage-waya 
we  have  already  previously  described.  The  tiles  are  made 
in  a  similar  manner  to  the  road-paving  blocks,  and  the 
composition  employed  consists  of  the  same  quality  of 
asphaltic  cement,  but  a  carefully  selected  limestone  ia  sub- 
stituted for  the  trap-rock,  as  the  former  is  found  to  give  a 
more  pleasing  appearance,  and  it  is  not  necessary  to  employ 
so  bard  a  material  in  this  case. 

The  tiles  are  principally  made  of  a  hexagonal  form, 
and  axe  each  subjected  to  a  pressure  of  80  tons  in  the 
press.  A  pavement  laid  with  these  tiles  is  found  to  afford 
a  good  and  safe  foothold  for  pedestrians,  and,  whilst  being 
smooth  and  even,  does  not  polish  or  become  dangerously 
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slippery  from  wear,  and  also,  which  is  a  great  adyantagei 
wears  evenly.  The  section  of  footpath  laid  at  the  Marble 
Arch,  where  the  foot  traffic  is  exceptionally  heavy,  has 
demonstrated  that  this  type  of  paving  is  of  considerable 
strength  and  durability. 

Various  other  Types  of  Bricks  etnployed  for  paving  Foot' 
paths. — ^Buckley  bricks  are  a  very  suitable  description  of 
brick  for  paving  footpaths.  They  are  evenly  burnt,  the 
entire  brick  being,  as  a  rule,  vitrified  throughout,  but  at 
the  same  time  the  surface  has  not  the  glossy  vitrified 
surface  of  Staffordshire  bricks.  These  bricks  afford  a 
sufficiently  rough  surface  to  obviate  any  chance  of  the 
pavement  becoming  uncomfortably  slippery,  and  they 
form  a  very  good  surface  to  walk  on.  The  size  of  these 
bricks  is  10  inches  by  5  inches  by  2  inches. 

A  vitrified  brick  of  a  light  buff  colour,  which  is  manu- 
factured from  granite  clays  found  in  Devonshire,  is  con- 
sidered by  many  to  form  an  excellent  brick  for  the  purpose 
of  paving  footpaths. 

Cork  bricks  are  also  employed  for  paving  footpaths, 
and  are  said  to  possess  the  advantage  of  being  non-absor- 
bent, noiseless,  durable,  not  liable  to  expand  and  contract 
when  laid,  sanitary,  and  of  not  becoming  slippery  from 
wear,  even  when  wet.  The  bricks  are  jointed  with  a 
special  jointing  material,  which  is  sent  out  with  the  bricks, 
and  which  is  heated  in  an  ordinary  asphalte  boiler,  being 
well  stirred  to  prevent  it  from  burning.  The  bricks  are 
each  dipped  in  the  boiling  or  hot  jointing  material,  so  that 
the  bottom,  and  nearly  the  entire  of  one  side,  and  of  one 
end  of  the  brick,  will  be  coated  with  it.  The  jointing  is 
kept  as  thin  as  possible,  but  full  of  bitumen,  and  if  this  be 
properly  attended  to  no  grouting  with  sand  and  cement 
will  be  necessary. 

Pavements  for  Footpaths  laid  in  situ, — ^Pavements  of  this 
description  are  free  from  the  objection  that  all  slab  and 
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brick  pavements  are  open  to,  especially  the  latter,  viz., 
that  the  great  multiplicity  of  joints  renders  it  a  very  hard 
matter  to  keep  them  clean.  They  are  likewise  not  so 
liable  to  wear  unevenly  as  brick  or  flag  pavements,  in* 
which  there  is  a  considerable  liability  to  have  variations 
in  the  wear  of  adjacent  bricks  or  flags,  and  consequent 
holes  or  depressions  liable  to  become  filled  with  water  and 
mud  in  wet  weather.  The  joints,  moreover,  spoil  the  ap- 
pearance of  the  pavement.  On  the  other  hand,  however, 
all  pavements  laid  in  situ  are  far  harder  to  take  up  and 
make  good  ag^n  than  flag  or  brick  pavements. 

A  concrete  footpath  laid  in  situ,  which  is  now  exten- 
sively employed,  and  which  is  both  strong  and  durable, 
pleasant  to  walk  on,  cleanly,  and  extremely  pleasing  in 
appearance,  is  that  known  as  Stuart's  **  granolithic,"  a 
type  of  paving  made  by  Messrs.  Stuart's  Granolithic  Stone 
Company,  Limited,  London.  This  pavement  is,  however, 
subject  to  the  objection  which  applies  to  all  pavings  laid 
in  situ,  viz.,  the  difficulty  experienced  in  opening  up  the 
pavement  for  the  putting  down  of  gas  or  water  pipes,  &c., 
beneath  the  footpaths,  and  afterwards  relaying  same. 

The  directions  for  laying  Stuart's  pavement  for  foot- 
paths as  originally  given  are  as  follows : — *'  The  ground 
is  flrst  to  be  excavated  for  a  depth  of  7  inches  or  such  other 
depth  as  may  be  necessitated  by  reason  of  the  strength 
required.  A  layer  of  broken  stone  sized  to  pass  through 
a  2i^-inch  ring  and  free  from  sand  or  other  earthy  matter 
is  then  spread  level  in  this  excavation  to  a  depth  of  about 
3  inches,  and  on  these  stones  is  spread  a  layer  of  2  inches 
of  concrete,  previous  to  laying  down  which  the  bed  of 
stones  is  divided  or  pinned  off  into  squares,  the  size  of 
which  vary  according  to  tlie  size  of  the  slabs  it  is  desired 
to  produce,  and  in  constructing  the  pavement  the  concrete 
is  first  laid  on  alternate  squares  both  as  regards  the  length 
and  breadth  of  the  pavement.    The  concrete  recommended 
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to  be  employed  consists  of  crushed  stones,  &c.,  or  gravel, 
sized  to  pass  through  a  1-inch  ring,  mixed  with  Portland 
cement,  in  the  proportions  of  one  part  of  the  latter  to  five 
parts  of  the  former,  and  thoroughly  mixed.  The  concrete 
is  properly  levelled  with  a  straight-edge,  after  which  it  is 
rolled  flat  and  compressed.  Eectangular  wooden  battens 
or  rods  are  then  laid  on  the  top  of  the  concrete,  around 
the  four  sides  of  each  square,  as  shown  at  h  in  Tig.  72,  and 
two  or  more  V-shaped  or  rectangular  grooves  are  cut  in 
each  slab  parallel  to  two  of  its  sides,  as  shown  at  e,  which 
grooves  are  formed  by  passing  a  roller,  having  a  corres- 
pondingly shaped  flange  on  its  circumference,  over  the 
slabs,  before  the  concrete  has  set  hard.  An  iron  bar  or 
rod  of  rectangular  section  is  laid  in  each  grove  with  its 
upper  edge  level  with  the  surface  of  the  concrete,  as 
shown,  and  other  rectangular  rods  are  laid  on  the  surface 
of  the  concrete  at  right  angles  to  these  rods.  The 
above  rods  cross  each  other  and  their  ends  project 
beyond  the  points  of  intersection,  the  two  sets  of  rods 
being  secured  together  at  the  said  points  by  wire.  When 
curbs  and  water  channels  are  to  be  formed  along  with  the 
pavement,  wooden  boarding  is  fixed  to  the  line  of  the  curb 
before  laying  the  concrete,  and  the  iron  rods  situated 
in  the  grooves  extend  into  the  curb,  whilst  another  rod 
fastened  on  the  top  of  these  rods  by  wire  extends  along 
the  centre  of  the  curb. 

On  the  surface  of  the  concrete  a  composition  of  granite 
cubed  to  the  size  of  |-inch  and  under,  with  Portland  cement, 
and  sometimes  with  the  addition  of  finely  ground  or 
pulverised  hemeetite,  magnetic  or  other  iron  ore,  to  colour 
the  pavement,  is  spread,  the  proportions  preferably  em- 
ployed being  three  or  four  parts  of  cubed  granite  to  one 
part  of  cement.  This  composition,  which  is  called  by  the 
inventor  "  granolithic,"  is  spread  on  the  concrete,  so  as  to 
embed  the  iron  rods,  and  it  is  then  levelled  to  an  even  sur- 


CONCRETE  FOOTPATHS. 


CONCRETE  FOOTPATHS. 


face  with  a  Btraight-edge,  the  thickness  of  the  layer  being 
regulated  according  to  the  strength  of  the  pavement  re- 
quired, but  a  thickaeBS  of  1  inch  being  that  generally 


The  thicknesses  usually  employed  at  the  present  time  for 
laying  "granolithic"  footpaths  are  shown  in  Fig.   73. 


Fig.  73.— SecUoD  BhswinE  thickni^aoa  or  Foim.litian,  Bed,  and  Li^er  of 
Onnolithic  Plivcoicui. 

First  a  good  foundation  ranging  from  4  inclies  to  6  inches 
in  thickness  and  composed  of  dry,  broken  material,  such  as 
brick,  stone,  clinker,  or  other  hard  substance,  is  formed, 
which  foundation  must  be  absolutely  clean  and  entirely 
free  from  matter  of  a  loamy  nature.  Upon  this  fouada- 
tioii  is  laid  a  bed  of  concrete  2  inches  in  thickness,  and 
finally  upon  the  top  of  this  a  wearing  surface  of  1  inch  in 
thickness  composed  of  granolithic  In  some  instances  the 
curb  is  also  formed  of  granolithic  as  before  described, 
simultaneously  with  the  laying  of  the  paving. 

As  a  proof  of  the  onduring  qualities  of  Stuart's  grano- 
lithic pavement,  it  may  be  mentioned  that  it  was  laid 
seventeen  years  ago  In  Leadenhall  Street,  London,  during 
which  time  it  is  computed  that  over  fifty-two  millions  of 
people  have  passed  over  it,  and  yet  no  signs  of  wear  are 
visible  after  this  enormous  amount  of  traffic.  A  portion 
of  this  pavement  was  lifted  in  1892  and  was  subjected  to 
tests  by  Mr.  Kirkaldy,  who  certified  that  one  square  foot 
was  crushed  at  662-4  tons. 
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A  form  of  concrete  paving  laid  in  situ  is  also  made  by 
the  Imperial  Stone  Company.  The  concrete  is  laid  on  a 
foundation  constructed  of  clinker  or  brick  rubbish,  in  two 
layers  of  2  inches  each,  no  surface  coat  being  used,  but 
the  finer  material  being  brought  to  the  top  by  means 
of  trowel  manipulation.  The  method  of  laying  the  con- 
crete wearing  surface  employed,  is  to  divide  the  footway 
into  bays  from  4  feet  to  6  feet  in  width,  by  screeds  formed 
with  wood  slips  on  the  foundation,  and  to  fill  each  alternate 
bay  with  weU  worked  granite  concrete  which  is  then 
trowelled  off  perfectly  smooth  on  the  face.  As  soon  as  these 
portions  have  become  set,  the  intermediate  bays  are  then 
filled  in,  and  finished  off  in  a  similar  manner.  The  wooden 
strips  being  left  in  position  the  separate  panels  of  concrete 
thus  formed  do  not  adhere  together. 

Concrete  composed  of  Quernsey  granite  chippings  and 
Hilton  and  Anderson's  cement,  is  said  to  make  an  excellent 
pavement  for  footpaths.  The  method  employed  is  to  lay 
it  in  two  thicknesses  upon  a  foundation  composed  of 
4  inches  of  gravel,  furnace  clinker,  or  other  suitable 
material.  The  first  layer  of  concrete  is  1  ^  inch  in  thickness, 
and  is  composed  of  chippings  that  have  passed  through 
a  f -inch  mesh,  and  are  retained  by  a  iV-inch  mesh,  mixed 
with  cement  in  the  proportion  of  four  of  chippings  to  one  of 
cement.  The  top  layer,  which  is  f -inch  thick,  is  composed 
of  finer  chippings  passing  through  a  -A-inch  mesh,  and 
the  proportion  of  cement  used,  is  one  of  the  latter  to  two 
of  chippings.  The  top  layer  is  placed  upon  the  bottom 
layer  within  half-an-hour  of  the  laying  of  the  latter. 
Each  layer  of  concrete  is  well  worked  after  being  placed 
in  position,  the  surface  of  the  top  layer  being  trowelled  off 
perfectly  smooth.  The  channels  are  kept  apart  by  flat 
iron-bars  which  are  withdrawn  after  the  concrete  has  been 
placed  in  position,  and  strips  of  wood  2  inches  deep  and 
^inch  thick  are  then  inserted  before  the  face  is  trowelled 
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up.  A  considerable  area  of  concrete  for  path  paving  of 
this  description  was  laid  at  Wimbledon  some  five  or  six 
years  ago,"*^  and  is  said  to  give  great  satisfaction. 

Ordinary  concrete  pavements  for  footpaths  are  now 
usually  laid  in  the  following  manner.  The  ground  is  first 
excavated  to  a  depth  of  about  6  inches,  and  a  layer  of 
gravel  1  inch  thick  is  spread  upon  the  bottom^  over  which 
bottoming  a  2-inch  layer  of  hard  clean  stones,  broken  to 
pass  all  ways  through  a  3-inch  ring,  is  laid  and  thoroughly 
rolled.  The  surface  is  then  divided  into  bays  about  6  feet 
wide,  by  means  of  strips  of  wood,  and  a  1-inch  layer  of 
concrete— formed  of  one  part  of  the  best  Portland  cement 
to  two  parts  of  coarse,  well- washed  gravel  passed  through 
a  1-inch  meshed  screen,  and  two  parts  of  clean  sharp  sand 
— is  laid  in  each  alternate  bay  and  beaten  or  pounded,  and 
rolled  in  place.  A  1-inch  finishing  layer  or  wearing  sur- 
face of  a  stronger  and  finer  concrete — composed  of  one 
part  of  the  best  Portland  cement  to  two  parts  of  granite 
ohippings  sized  to  pass  through  a  ^-inch  meshed  screen  or 
sieve — ^is  laid  upon  the  above  before  it  has  had  time  to  set, 
and  is  properly  trowelled  and  smoothed  to  a  finished 
surface.  As  the  work  is  proceeded  with  the  wooden  battens 
or  strips  are  removed,  and  the  joints  or  interstices  between 
the  slabs  are  filled  up  with  sand.  The  slope  of  the  foot- 
path towards  the  curb  should  not  be  more  than  }-inch 
per  foot. 

The  advantage  gained  by  laying  the  concrete  in  slabs 
is  the  avoidance,  to  a  great  extent,  of  the  cracking  and 
blistering  of  the  surface,  to  which  it  is  liable  when  laid 
in  large  exposed  surfaces,  owing  to  the  action  of  the 
rapid  variations  in  temperature  to  which  this  climate  is 
subject. 

Concrete  footpaths  must  not  be  laid  in  frosty  weather, 

*  Froeeedingt  of  the  Imtituium  of  Civil  Engifieert^  1894-5,  vol.  ozzii., 
port  iv.,  p.  208. 
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and  the  footpatlis  must  be  either  covered  with  planks,  or 
all  traffic  kept  oS,  until  the  concrete  has  had  time  to  set 
properly.  In  very  dry,  hot  weather  it  is  advisable  to  keep 
the  pavement  coated  with  sand,  and  damp. 

Asphalte  Footpath  Pavements. — Asphalte  pavement  is  also 
largely  used  for  footpaths,  and  where  the  traffic  is  heavy 
the  form  sometimes  employed  is  that  known  as  compressed; 
that  known  as  mastic  is,  however,  less  liable  to  crack  than 
the  compressed  asphalte,  which  latter  possesses  little  or  no 
elasticity,  and  is  therefore  almost  certain  to  develop  un- 
sightly cracks  owing  to  the  contraction  and  expansion  of 
the  concrete  foundation  due  to  variations  of  temperature, 
such  cracks  in  the  asphalte  surface  generally  correspond- 
ing to  others  in  the  concrete.  In  consequence  of  this  the 
mastic  type  is  that  most  frequently  used  for  footpaths. 
These  cracks  are  likewise  formed  in  roadways  paved  with 
compressed  asphalte,  but  the  action  of  the  traffic  in  this 
case  tends  to  close  them  up  again,  so  that  they  are  seldom 
apparent  on  the  surface  of  the  pavement. 

Mastic  Asphalte, — ^A  concrete  foundation  about  4  inches 
in  thickness,  and  composed  of  one  part  of  good  Portland 
cement  to  six  parts  of  washed  gravel  or  broken  stones,  is 
required  for  an  asphalte  footpath  paving,  the  surface  of 
the  concrete  being  properly  smoothed  over  and  then  allowed 
about  four  days  to  set.  The  mastic  asphalte  is  then  floated 
over  the  surface.  Mastic  asphalte  is  a  compound  consisting 
of  a  mixture  of  natural  asphalte,  natural  or  artificial 
bitumen,  and  grit,  in  the  proportions  of  20  to  30  per  cent, 
of  the  latter  ingredient,  to  from  5  to  7  per  cent,  of  the 
second,  the  remainder  being  made  up  by  powdered 
asphalte,  and  the  whole  being  heated  for  five  or  six 
hours  in  a  large  cauldron.  The  temperature  at  which 
the  mixture  liquifies  is  from  280  degrees  to  300  degrees 
Fahrenheit. 

Wh^n  the  sit^  where  the  mastio  asphalte  is  to  be  used 


358  ASFHALTE  FOOTPATHS. 

is  within  a  reasonable  distance  of  the  works  where  it  is 
prepared,  it  is  usual  to  transport  it  from  the  latter  in 
reoeptades  mounted  on  wheels,  and  fitted  with  a  furnace, 
to  admit  of  the  composition  being  maintained  at  a  proper 
temperature  during  transit  and  use.  Agitators  worked  oil 
the  axle  of  the  road  wheels  by  endless  chains  are  also  pro- 
vided to  prevent  any  settlement  taking  place  during  the 
journey.  When  not  found  to  be  convenient  to  transport 
the  liquefied  composition  in  this  manner,  it  is  cast  into 
cakes  or  blocks,  and  is  then  remelted  on  the  spot  in  small 
street  cauldrons.  In  this  case  the  grit  is  sometimes  added  in 
the  small  street  cauldrons,  and  about  4  per  cent,  of  bitumen  is 
put  in  to  make  up  for  the  loss  through  evaporation. 
When  at  a  proper  temperature  for  laying,  none  of  the 
composition  should  adhere  to  a  wooden  spatula,  when  the 
latter  is  dipped  into  it,  and  light  jets  of  smoke  will  be 
observed  to  be  issuing  from  the  liquid  mass.  The  melted 
material  is  transported  from  the  cauldron  to  the  site  in  iron 
pails,  the  latter  being  previously  well  heated  so  as  not  to 
prematurely  chill  or  cool  the  composition,  and  this  latter 
is  then  spread  evenly  over  the  foundation  by  means  of  a 
float.  The  thickness  of  the  layer  of  asphalte  required  for 
a  footpath  is  from  1  inch  to  1}  inch,  and  the  surface  is 
finished  off  by  sprinkling  silver  sand  upon  it  and  rubbing 
this  sand  in  with  floats,  after  which  the  pavement  will  be 
ready  for  use  in  about  six  hours. 

According  to  one  authority  upon  the  subject,*  1  ton  of 
asphalte  will  cover  20  square  yards  when  laid  1  inch  thick. 
A  skilled  workman  can  lay  140  square  yards  to  180  square 
yards  in  a  day  if  properly  assisted. 

Compressed  Asphalte. — Compressed  asphalte  is  laid  on 
footpaths  in  a  similar  manner  to  that  employed  for 
carriage-ways.  It  may  be  either  laid  on  a  concrete 
foundation,  or  on  a  thin  layer  of  mastic  asphalte  laid  on 

*  Proeeedingt  of  the  Inttitution  of  CivU  Engineers^  vol.  xUii.,  p.  293. 
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concrete.  In  the  first  case  from  i  inch  to  1  inch  in 
thickness,  laid  on  a  S-inch  concrete  foundation,  is  fre- 
quently employed ;  in  the  second  case  a  layer  of  compressed 
asphalte  i  inch  thick  placed  upon  one  of  mastic  asphalte 
i  inch  thick,  laid  on  3  inches  of  concrete,  has  been  em- 
ployed. The  life  of  compressed  asphalte  on  a  footpath 
is,  all  other  conditions  being  the  same,  about  one-third 
longer  than  that  of  mastic  asphalte. 

In  specifying  for  asphalte  footpaths  it  is  usual  to  pro- 
vide for  cutting  it  open  at  certain  distances  apart,  usually 
about  50  feet,  to  measure  the  thickness  of  the  layer  of 
asphalte,  and  to  insist  that  a  certain  proportion  of  such 
measurements,  say  five  out  of  every  six,  be  of  at  least  the 
specified  thickness,  and  that  the  average  of  say  every  six 
be  at  least  of  the  specified  thickness. 

Tar  Footpath  Favementg. — ^Tar  pavement  is  a  type  used  very 
extensively  for  footpaths  in  all  localities  where  the  traffic 
is  light  And  for  such  localities  it  has  many  advantages, 
for  instance,  it  is  easy  and  simple  to  manufacture,  com- 
paratively cheap,  admits  of  the  path  being  used  during 
construction,  is  cleanly  and  agreeable  in  appearance,  and 
does  not  present  a  slippery  and  dangerous  surface  to 
pedestrians.  If  made  properly  it  will  not  be  injuriously 
affected  by  the  heat  of  the  sun. 

There  are  numerous  methods  of  laying  this  pavement 
which  differ  the  one  from  the  other  in  some  slight  and 
generally  unimportant  particulars ;  the  following,  however, 
are  probably  those  most  commonly  adopted,  and  may  serve 
as  standards  for  work  of  this  description,  premising  that 
certain  local  conditions  may  frequently  render  it  desirable 
to  make  departures,  in  the  one  direction  or  the  other,  from 
the  exact  modes  of  procedure  laid  down. 

The  material  employed  is  either  gravel  or  stone  chip- 
pings  screened  through  sieves  having  1^  inch,  |  inch, 
i  inch,  and  ^  inch  meshes.    This  material  is  then  heated 
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on  iron  plates  so  arranged  that  fires  can  be  made  beneath 
them,  and  a  tar  concrete  is  then  formed  therewith  by 
mixing  thoroughly  with  tar,  pitch,  and  creosote,  in  the 
proportions  of  one  ton  of  the  dried  and  heated  gravel,  or 
stone  chippings,  to  12  gallons  of  tar,  i  cwt.  of  pitch,  and 
2  gallons  of  creosote,  and  boiling  the  mass  together  in  iron 
cauldrons.  The  mass  of  tarred  gravel  or  stone  chippings 
is  the  better  for  being  kept  two  or  three  months  before 
use,  and  should  be  laid  in  at  least  two  layers,  the  largest 
size  gravel  being  placed  at  the  bottom,  and  the  smaller  at 
the  top,  and  the  layers  should  be  each  well  roUed  with  a 
half-ton  roller,  the  surface  of  the  last  being  sprinkled  with 
white  spar,  grit,  or  stone  dust. 

A  tarred  pavement  will  require  to  be  dressed  during  the 
summer  next  ensuing  after  it  has  been  laid,  and  it  should 
be  given  a  periodical  dressing  afterwards,  say  every  three 
years.  This  dressing  is  performed  by  first  sweeping  the 
surface  of  the  footpath,  and  then  applying  the  hot  tar, 
a  layer  about  i  inch  thick  of  clean,  sharp  sand  being 
spread  on  the  tar,  which  both  prevents  the  latter  from 
sticking  to  the  feet  of  the  persons  using  the  footpath, 
and  also  by  getting  mixed  with  the  tar  forms  a  hard 
and  durable  surface,  increasing  the  longevity  of  the  pave- 
ment. 

The  work  should  be  executed  in  dry  weather,  and  pre- 
ferably in  the  autumn  or  spring,  and  not  in  the  heat  of 
summer. 

The  following  method*  of  laying  tar  footpaths  has  been 
successfully  adopted  in  Nottinghamshire,  by  Mr.  E.  P. 
Hooley,  C.E.  "  Slag  or  furnace  refuse  from  iron- works, 
obtained  in  the  neighbourhood,  is  the  material  principally 
used  as  the  aggregate,  but  gravel,  screened,  washed,  and 
dried,  would  do  equally  well  for  bottoming.   It  is  essential 

*  Proceedings  of  the  ImtUution  of  Civil  Engineered  l§94-5,  vol,  Qxzii,, 
part  iv.,  p.  205. 
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that  all  material  sbould  be  perfectly  dry,  and  should  be 
warm  when  mixed  with  the  tar.  The  process  of  drying 
and  warming  in  country  districts,  where  no  drying  floors 
are  available,  must  be  carried  out  in  fair  weather ;  the 
material  being  heated  in  convenient  places  out  of  doors, 
by  flres  lighted  under  heaps  of  about  10  tons  of  material 
at  one  time.  The  method  of  drying  adopted  by  the  author 
is  to  lay  four  sections  of  ordinary  4-inch  glazed  pipes  in 
the  form  of  a  cross  leading  to  a  central  upright  section  of 
pipes  which  forms  a  chimney.  Faggots  and  breeze  are 
laid  around  the  pipes,  and  when  well  alight  the  material 
is  gradually  added  in  a  cone-shaped  heap,  and  is  allowed 
to  dry  slowly.  "When  the  material  is  dry,  and  warm 
enough  to  allow  the  hand  to  be  held  on  the  surface  with- 
out discomfort,  it  should  at  once  be  mixed,  and  again 
heaped  up ;  it  should  be  allowed  to  stand  for  at  least  a 
week,  though  it  will  be  better  if  it  is  left  for  three  weeks 
or  a  month  before  being  used. 

'*  The  tar  boiler  is  capable  of  containing  100  gallons, 
constructed  with  an  enclosed  furnace  underneath  it,  and 
for  convenience  of  moving  is  placed  on  three  wheels,  each 
wheel  being  18  inches  in  diameter.  The  mixture  to  be 
boiled  consists  of :  tar  40  gallons,  pitch  28  lbs.,  Portland 
cement  20  lbs.,  resin  6  lbs.  The  boiler  must  be  well 
cleaned  occasionally,  and  always  be  completely  emptied 
after  each  operation.  The  tar  is  the  first  ingredient  placed 
in  the  boiler,  and  is  allowed  to  simmer  gently  for  an  hour 
before  the  other  substances  are  gradually  added.  The 
whole  is  then  thoroughly  stirred  in  the  boiler,  and  after- 
wards allowed  to  boil  gently,  imtil  it  attains  an  equal  con- 
sistency throughout.  Great  care  must  be  exercised  to 
prevent  the  boiling  tar  mixture  from  igniting,  but  after  a 
little  experience,  any  intelligent  workman  will  become  a 
good  judge  of  the  heat  required.  Before  applying  the 
mixture  to  the  stoue  it  i9  allowed  to  cool  down  slightly, 
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until,  vflien  mixed  with  the  warm  stone,  it  does  not  giye 
off  vapour,  but  mixes  easily.  "When  the  mixture  is  in  this 
condition,  a  bay,  similar  to  that  made  for  mixing  mortar, 
is  formed  of  the  heated  slag  or  stone,  and  the  tar-mixture 
is  poured  into  the  centre  of  it,  the  stone  being  carefully 
turned  over  until  the  whole  forms  a  sticky  mass.  It  is 
again  turned  three  times  whilst  in  this  warm  condition, 
being  finally  heaped  up.  It  will  then,  if  properly  mixed, 
be  found  to  be  in  a  state  known  to  the  workmen  as  '  alive,' 
having  that  appearance  if  moved  with  a  shovel.  After  the 
material  has  been  thus  mixed,  the  bottom  of  the  footpath 
is  properly  shaped,  and  curbstones  are  laid  as  required. 
If  the  ground  is  wet,  cross  drains  are  formed  to  dry  the 
bottom  before  the  tarred  material  is  laid  on.  The  author 
has  f  oimd  a  good  bottom  secured  by  using  a  bed  of  ashes, 
pit  refuse,  or  clinkers,  up  to  within  4  inches  of  the  curb 
level,  this  bed  being  well  and  evenly  rolled.  The  coarse 
tarred  material  is  next  applied,  and  is  rolled  to  form  a 
bottom  layer  2  inches  thick.  A  water  ballast  roller  with 
round  edges  is  the  best  implement  for  this  purpose.  If 
the  tarred  material  should  stick  to  the  face  of  the  roller,  a 
water-can  may  be  attached  to  it,  and  a  slight  trickle  of 
water  be  allowed  to  play  continually  on  the  face ;  or  the 
latter  may  be  dressed  three  times  a  day  with  common  oil, 
which  will  generally  prevent  any  sticking.  When  the 
bottom  layer  has  been  well  rolled,  further  layers  of  finer 
material  are  applied,  f  inch  thick  at  a  time,  until  1^  inch 
in  thickness  is  obtained  after  rolling.  Fine  topping  is  then 
applied  in  layers  and  rolled  until  it  is  1  inch  in  thickness, 
any  outside  portion  that  the  roller  cannot  reach  being 
rammed.  The  face  of  the  path  is  now  quite  smooth.  It 
is  almost  impossible  to  roll  a  tar  path  too  much  or  too 
carefully.  It  is  rolled  so  as  to  allow  of  a  fall  to  the  edge 
of  the  path  or  watercourse  of  1  in  48.  The  path  is  left 
*  proud '  about  i  inch  over  the  curb.  After  the  final  rolling, 
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tbe  xBce  is  carefully  washed  over  witb  the  boiling  tar 
mixture,  and  whilst  moist  it  is  dusted  or  blinded  with  very 
fine  dry  gritty  granite  or  slag  dust.  The  path  is  now 
finished;  and  will  be  found  to  have  a  perfect  f ace,  neither 
slippery  ia  winter,  nor  spongy  in  summer,  but  firm  and 
comfortable  for  pedestrians.  The  repairs  necessary  are 
slight.  Where  the  traffic  is  heavy  the  face  should  be 
washed  over  every  second  year  with  a  dressing  of  the  tar- 
mixture,  and  blinded  with  cement  and  dust.  Should  any 
signs  of  wear  appear,  they  should  be  cut  out  in  the  top 
layer  and  patches  should  be  inserted,  the  whole  being 
washed  with  boiling  tar  and  blinded.  Sometimes  it  may 
be  necessary  to  renew  the  top  dressing,  but  the  traffic 
must  be  exceptionally  heavy  for  this  to  be  req^uired  more 
frequently  than  once  in  six  years." 

Mr.  0.  H.  Cooper  considers  the  best  method  *  of  manu- 
facturing tar-paving  to  be  to  heat  the  stone  on  a  hearth, 
on  which  it  can  be  raised  to  such  a  temperature  as  to 
absorb  as  much  tar  as  possible  without  ignition.  With 
this  method  there  is  no  liability  of  coke,  ashes,  or  other 
foreign  substances  becoming  mixed  with  the  stone.  Hot 
tar  is  added  to  the  heated  stone,  which  is  then  turned  over 
with  hot  shovels  until  all  parts  are  well  coated.  Many 
manufacturers  add  a  small  quantity  of  pitch  (about  1  per 
cent.)  to  the  cauldron  in  which  the  tar  is  boiled.  Tar* 
paving  thus  made  should  be  stood  for  at  least  three  months 
before  being  used.  It  is  frequently  freshened  with  a  little 
refined  tar  before  leaving  the  works.  The  size  of  the 
stones  used  should  be  fairly  uniform,  those  for  the  bottom, 
termed  bottoming,  should  not  exceed  1  inch  in  diameter, 
and  all  the  stone  used  should  be  retained  on  a  f -inch  mesh 
sieve.  In  the  case  of  the  material  for  the  top  layer  (the 
topping),   the  material  should  pass  through  a  sieve  of 

*  Frooeedings  of  the  Institution  of  Civil  Engineers,  1894-5,  vol.  ozzii., 
partly.,  p.  213. 
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f -inoh  mesby  and  be  retained  on  a  sieve  of  ^-incb  mesb. 
Derbyshire  spar  and  Kentish  rag  produces  the  best  tar- 
paying  the  author  has  used,  but  he  is  of  opinion  that  it 
would  be  advantageous  to  use  a  harder  substance  for  the 
topping. 

In  laying  tar-paved  footways  Mr.  Cooper  forms  the 
foundation  to  the  shape  of  the  finished  path.  This,  after 
being  well  rolled,  receives  sufficient  bottoming  to  form  a 
layer  2  inches  thick  after  being  rolled.  A  light  roller  is 
used,  weighing,  say  5  cwt.,  on  a  width  of  2  feet  6  inches. 
It  may  afterwards  be  finished  with  a  slightly  heavier 
roller.  The  bottoming  may  with  advantage  be  subjected 
to  traffic  for  a  week  or  so  before  receiving  the  finished 
coat  of  topping,  which  should  be  carefully  spread  in  a 
layer  of  sufficient  thickness  to  solidify  to  1  inch  after  being 
rolled.  The  topping  is  first  rolled  with  a  light  roller,  and 
is  fiinished  with  a  double  water-ballasted  roller  2  feet 
3  inches  wide  over  all,  weighing  12  cwt.  A  little  white 
spar  is  generally  thrown  on  the  top  and  rolled  in  for  the 
sake  of  appearance,  the  surface  being  afterwards  sanded 
to  prevent  the  tar  from  adhering  to  the  feet  of  pedestrians. 
Only  seasoned  topping  should  be  used  for  coating  old 
paths.  Tarring  and  sanding,  or,  as  it  is  termed,  dressing 
the  surface  of  tar- paths  should  be  carried  out  in  dry 
weather,  during  the  first  summer  after  the  tar-paving  is 
laid,  and  afterwards  triennially.  The  seasoned  or  refined 
tar  used  for  this  purpose  should  be  heated  in  a  cauldron 
with  a  little  pitch.  After  the  surface  of  the  path  has  been 
swept  dean,  hot  tar  is  well  rubbed  in,  and  a  layer  about 
W-ii^ch  thick  of  dry,  sharp  sand  is  spread  on  the  tar  so  as 
to  keep  it  from  adhering  to  the  feet  of  the  pedestrians. 
As  this  sand  is  forced  into  the  tar  by  the  traffic,  it  forms  a 
thin  coating,  which  prolongs  the  life  of  the  path  consider- 
ably. Gas-tar  employed  for  the  manufacture  of  tar-pave- 
ment should  not  be  used  imtil  it  has  been  stored  for  about 
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sis  months,  60  that  the  volatile  oils,  and  whatever  water 
may  have  been  secreted  in  the  tar,  has  had  time  to  escape. 
The  tar  should  be  drawn  from  the  bottom  of  a  covered 
tank  at  least  10  feet  deep,  and  if  it  cannot  be  obtained 
imder  such  conditions,  refined  tar  (not  pitch  or  heavy  oil) 
should  be  used.  To  detect  the  admixture  of  such  soft 
materials  as  coke  breeze  in  tarred  topping,  boil  a  sample 
repeatedly  in  strong  soda  or  potash  water  to  remove  the 
tar.  This  test  also  determines  whether  the  stone  has  been 
raised  to  a  sufSlcient  heat,  as  in  this  case  it  is  extremely 
difficult  to  remove  the  tar. 

Curbs, — On  the  outer  edge  of  all  footpaths  are  placed 
curbs,  which  form  a  suitable  abutment  for  the  support  of 
the  material  of  which  the  footpath  is  composed,  and  act  to 
retain  the  foimdation  and  the  surface  of  the  latter,  as  also 
to  raise  it  and  prevent  the  traffic  from  passing  over  it, 
and  to  form  the  side  of  the  gutter  or  channel,  and  admit 
of  the  roadway  being  suitably  finished  off.  Curbs  are 
composed  of  stone,  brick,  cement  concrete,  metal,  and 
composite  or  artificial  stone  and  metal. 

Ourbs  are  set  with  the  aid  of  a  skillet-line  and  boring- 
rods,  and  great  care  is  requisite  to  prevent  any  sinking  or 
tilting  over,  and  to  insure  a  satisfactory  line  and  level. 
To  effect  this  end  it  is  indispensable  that  the  curbs  be 
properly  bedded,  and  it  is  also  essential  that  the  mason  be 
possessed  of  a  good  eye,  and  be  experienced  in  this  class 
of  work. 

Stone  Curls, — These  consist  of  granites,  syenite,  and 
sandstone.  The  first  two  are  undoubtedly  the  best  mate- 
rials, and  are  invariably  employed  for  streets  having  a 
large  amount  of  traffic.  The  stone  best  suited  for  the 
purpose  is  Aberdeen  granite,  but  Irish,  Cornish,  Guernsey, 
and  Norway  granites  are  also  used,  the  latter  being  that 
now  chiefly  employed  in  London,  owing  to  its  being  lower 
in  price.    Of  inferior  stones  Endon  and  Yorkshire  stone. 
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Keniton,    Pennaat   limestonea,    Furbeck,    &c.,   are  also 
employed. 

The  dimensionB  ot  stone  curbs  most  generally  used  are 
12  incbes  by  8  inches  when  laid  flat,  and  G  inches  by  12 
laches  when  laid  on  edge.    Tho  lengths  shoold  never  be 
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less  than  3  feet,  and  it  is  not  advisable  to  employ  curbs 
under  9  inches  deep  or  less  than  4  inches  in  width.  The 
cnrb  is  usually  hammer- dressed  for  5  inches  or  80  on  the 
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face  over  the  whole  surface  of  the  top,  and  for  some 
3  inches  at  the  rear,  and  is  also  drafted  for  about  1  inch 
along  both  the  upper  edges,  so  as  to  impart  a  dean  ap- 
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pearanoe  to  the  arris  of  the  curb  both  inside  and  outdde, 
and  both  afford  a  smooth  surface  against  the  channel 
gutter,  aa  well  as  allowing  the  pavement  to  form  a  good 
abutment  against  it  at  the  rear.  When  a  curb  is  8  inches 
in  vidth,  it  should  be  boTelled  off  on  the  top  surface  to  the 
same  slope  as  the  footpath.  Fig.  74  shova  a  12-inch  by 
8-inch  granite  curb  laid  flat,  and  Fig.  75  shows  a  6-inch 
by  12-inch  granite  curb  laid  on  edge.  Where  very  heavy 
traffic  has  to  be  provided  against,  and  the  practice  of 
carmen  of  allowing  their  wheels  to  grind  against  the  curb, 
so  as  to  form  a  drag  or  brake,  is  prevalent,  it  is  usual  to 
bevel  or  splay  the  curb  as  shown  in  Fig.  76. 


Fif .  TO.— Qranlte  Cmli,  laid  on  edge  and  Bpliyed  or  bersllod. 

It  may  here  be  mentioned  that  the  model  by-laws  of  the 
Local  Government  Board  lay  down  the  rule  that  the  height 
of  the  curb  above  the  channel  is  not  to  be  less  than  3  inches 
at  the  highest  part  of  such  channel,  and  not  to  be  more 
than  7  inches  at  the  lowest  part  of  such  channel.  This 
minimum  height  being  that  considered  to  be  requisite  in 
order  to  prevent  the  wheels  of  vehicles  from  too  readily 
mounting  the  footpath,  and  to  raise  the  footpath  suffi- 
ciently high  to  prevent  flooding,  whilst  being  at  the  same 
time  as  high  as  it  is  found  convenient  for  pedestrians  to 
step  up  to. 
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Srici  Curlt. — Brick  curbing  ia  made  in  a  gtaai  variety 
of  diSerent  patterns,  some  of  whicli  are  shown  in  Figs.  77 
and  78  by  way  of  example.  These  curbs  are  made  of  fire- 
clay, and  are  mucb  used  in  America,   wbere  they  are 
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repori^ed  to  give  great  satisfaction.  Up  to  the  present 
time,  however,  brick  curbing  has  been  but  little  used  in 
this  countty.    The  type  of  brick  curb  shown  at  A,  Fig.  77, 
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is  of  the  plain  rectangular  pattern,  the  outer  arris  being 
rounded,  or  what  is  termed  bull-nosed,  to  obviate,  as  far  as 
possible,  chipping.  Those  shown  at  B,  0,  and  D,  of  the 
same  Fig.,  are  formed  wider  at  the  base,  thereby  im- 
parting a  greater  degree  of  stability.  The  outer  edges 
of  those  shown  at  0  and  D  are  made  to  overhang,  and 
thus  form  a  wearing  surface,  but  this  would  seem  to  be 
very  liable  to  be  broken  off,  and  is  therefore  objection- 
able. £  is  a  bull-nosed  or  rounded-edged  curb,  and  is 
also  formed  of  a  hollow  section,  as  shown,  by  which 
means  it  is  considerably  lightened,  whilst  at  the  same 
time  its  strength  is  not  materially  reduced.  0  is  splayed 
or  bevelled  on  its  overhanging  edge. 

Blue  Staffordshire  Brick  Curbs  have  come  considerably  to 
the  front  during  the  last  few  years,  some  towns  using  no 
other  description.  Hamblet's  blue  brick  curbs  can  be  pro- 
cured in  various  sizes  and  shapes,  from  16  ins.  by  9  ins.  by 
3  ins.,  up  to  24  ins.  by  12  ins.  by  6  ins.,  and  various  designs 
thereof  are  shown  in  Fig.  78.  A  is  a  solid  curbing  with 
deep  bevelled  or  splayed  edge,  18  inches  work- way,  6  inches 
in  width,  and  12  inches  in  depth.  B  is  a  solid  curb  with 
a  wide  base  and  roimded  edge,  16  inches  work- way,  6  inches 
in  width,  and  9  inches  in  depth.  C  is  a  solid  curb  of  a  regis- 
tered pattern,  16  inches  work-way.  Si  inches  in  width,  and 
1 2  inches  in  depth.  D  is  a  solid  curb  with  ordinary  bevelled 
or  splayed  edge,  16  inches  work- way,  3  J  inches  in  width, 
and  9  inches  in  depth.  E  shows  three  lengths  of  0  G 
curbing,  6  inches  work- way,  10  inches  in  width,  and  9^ 
in  height.  F  is  a  bull-nose  or  rounded  edge  curb  which 
is  made  of  the  same  size  as  the  splayed  or  bevelled  edge 
curb  D.  The  approximate  weights  of  these  curbs  per 
dozen  are :  A  10  cwts.,  B  6  cwts.,  0  4  cwts.  3  qrs.,  D  4  cwts., 
£  3  cwts.,  and  F  4  cwts. 

If  obtained  from  a  first-class  maker  there  is  no  doubt  of 
such  goods  giving  entire  satisfaction,  as  makers  of  recent 
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years  liave  oonBiderably  improved  their  maoliiiieTy  fox 
manuiaoturing  these  blocks,  and  they  can  be  obtained  quite 
true  and  sound,  thoroughly  well  burned,  and  of  a  uniform 
blue  colour. 

Cemtni  Concrete  Cwrbt. — This  doss  of  curb  is  extensively 
used  for  streets  where  only  light  traffic  has  to  be  provided 
for.  Concrete  curbs  ore  either  formed  in  separate  lengths, 
or  they  are  laid  in  situ.  In  the  first  ease  they  are  made 
in  suitable  boxes  or  moulds,  and  are  composed  of  strong 
concrete  made  of  the  best  Portland  cement  and  well-washed 
shingle  or  broken  stone.  When  laid  t»  situ  it  is  difficult 
to  insure  a  satisfactory  appearance,  and  the  curbing  when 
lud  in  long  lengths  is  liable  to  crack.  Concrete  curbs  of 
granolithic  are  made  by  Stuart's  Granolithic  Stone  Com- 
pany, Ltd.,  and  in  some  instances  this  company  form  the 
granolithic  curb  in  situ  simultaneously  with  the  laying  of 
the  paving  of  the  foot-path. 

Iron  Curit. — Curbs  of  both  wrought  and  cast-iron  have 


Fig.  IS.— Wroughl-iron  Outb. 

been  used  for  many  years,  both  abroad  and  in  this  country. 
Here  iron  curbs  are  extensively  employed  in  some  of  the 
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provincial  towns,  where  they  appear  to  give  good  results 
as  regards  wear.  An  objection  to  iron  curbs,  however, 
would  appear  to  be  their  liability  to  become  extremely 
slippery  from  wear,  and  thus  offer  a  considerable  source 
of  danger  to  those  using  the  footpaths. 

Iron  curbs  are  made  in  a  number  of  different  eectiona 


Fig.  80.— Cast-iion  Curb. 

some  of  which  are  shown  in  Figs.  79  and  80,  the  first 
being  a  nvrought-lron  one,  and  the  second  a  cast-iron  one. 

Composite  Cwhs. — These  consists  of  artificial  stone  vrith 
a  metal  side  or  comer  so  as  to  form  the  upper  arris,  to- 
wards the  road  or  carriage-way.  Curbs  of  this  description 
have  been  laid  experimentally  in  London  and  elsewhere, 
and  seem  to  be  satisfactory  as  far  as  wear  is  concerned. 

Channelling. — This  may  consist  of  the  same  material  aa 
that  used  for  paving  the  street,  for  instance,  when  the 
latter  is  paved  with  wood  paving  blocks,  stone  setta,  bricks, 
or  asphalte,  in  the  first  three  iustaucos  the  blocks  and  setts 
being  laid  longitudinally  instead  of  transversely  like  the 
rest  of  the  pavement.  Channelling  is  of  course  laid  so 
as  to  have  a  suitable  fall  to  the  gullies,  and  in  no  case 
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should  it  be  flatter  than  1  in  350.  It  is  so  lud  as  to  take 
the  slope  or  cross  section  of  the  road  along  the  side  of 
which  it  is  located,  and  about  4  inches  of  curb  should  show 
above  it.  In  width  channelling  should  be  at  least  12 
inches,  and  it  is  not  desirable  that  it  should  exceed  18 
inches.  Channelling  may  be  formed  of  flat  granite  slabs 
15  inches  wide  by  4  inches  in  thickness,  or  thereabouts, 
laid  upon  a  foundation  of  concrete,  or  of  six  couraea  of 
granite  pitchers  likewise  laid  upou  a  concrete  bed  or 
foundation. 

Blue  Staffordshire  brick  channelling  is  also  very  exten- 
sively used,  aad  inFig  8 1  is  shown  aform  of  blue  brick  chan- 


I^.  81.— SUOoidibin  Blue  Brick  Chumelling. 

nelling  made  by  Kessrs.  Hamblet's  Blue  Brick  Company, 
Ltd.,  which  is  a  pattern  held  in  great  favour,  and  is  indeed 
the  pattern  of  this  description  of  channel  which  is  almost 
universally  used.  The  dimensions  of  the  channel  shown 
in  Fig.  81,  are  16  inches  in  length  by  11  inches  in  width 
and  4  inches  in  greatest  depth,  and  it  is  shghtly  dished 
from  side  to  side  to  the  extent  of  i  inch,  its  appro;timate 
weight  per  dozen  lengths  is  5  cwts.  2  qrs. 

Crouingi. — Carriage  croasings  are  usually  laid  witli  a 
certain  drop,  and  consequently  form  very  disagreeable 
interruptioas  to  a  footpath,  both  on  thia  account  and  by 
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reason  of  the  paying  being  generally  suoh  as  to  render  it 
exceedingly  disagreeable  for  pedestrians  to  walk  on.  Mr. 
0.  H.  Cooper  states,  in  a  paper  read  before  the  Institution 
of  Civil  Engineers,*  that  his  practice  for  some  years  has 
been  to  dispense  with  this  drop,  and  to  lay  the  crossings 
at  the  same  level  as  the  path,  except  where  it  slopes  to  the 
channel,  the  curbs  on  both  sides  being  stopped  off  with  a 
quadrant.  Such  crossings  are  laid,  in  the  case  of  concrete 
pavements,  in  granite  concrete  4  inches  thick,  and  the 
surface,  after  being  trowelled  off,  is  grooved  in  a  herring- 
bone pattern,  the  grooves  being  about  3^  inches  apart,  so 
as  to  afford  foothold  for  horses.  In  the  case  of  tar-paved 
footpaths,  the  bottoming  is  laid  3  inches  thick,  and  is 
covered  with  a  layer  of  topping  sufficiently  thick  to  solidify 
to  1  inch  after  being  rolled. 

Eoad  crossings  are  formed  of  stone  setts,  wood  blocks, 
bricks,  &c.  Paved  crossings  are  frequently  so  carelessly 
laid  in  the  first  instajice,  and  so  badly  maintained  after- 
wards, as  to  form  a  serious  impediment  to  traffic,  whilst 
only  affording  a  somewhat  worse  surface  for  the  pedestrian 
than  that  offered  by  the  carriage-way  itself.  The  paving 
of  crossings  in  macadam  or  gravel  roads  should  be  as  care- 
fully carried  out  as  the  paving  of  an  entire  road,  and  it  is 
equally  desirable  that  a  proper  solid  foundation  be  provided. 
McDougall's  combination  sett  paving  bricks  (which  have 
been  already  described  on  pages  324-5)  are  said,  owing 
to  their  durability  and  non-slippery  nature,  to  have  been 
found  very  excellent  for  road  crossings,  for  which  purpose 
they  have  been  used  in  Cheltenham  and  elsewhere. 

*  Proceedings  of  the  Iiutitution  of  Civil  JSngineen,  1894-5,  vol.  czzii., 
partly.,  p.  211. 
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CLEANSING  OF  PAVEMENTS, 

Tms  dust  and  mud  of  the  streets  of  great  towns  con- 
sist generally  of  four  things  : — comminuted  stone,  horse- 
dung,  shoe-iron,  and  shoe-leather.  House-refuse  is  not 
an  unknown  element ;  it  counts  for  something  in  the  mass 
of  articles  that  is  collected  in  and  removed  from  the  streets 
and  roads.  Dr.  Letheby,  in  1867,  analysed  dry  mud  from 
the  streets  of  the  City  of  London, — dried  by  exposure 
for  many  hours  to  a  temperature  of  from  266°  to  300® 
Fahr.  At  the  same  time,  he  analysed,  for  comparison, 
well-dried  fresh  horse-dung,  and  common  farm-yard  dung. 
The  results  of  the  analyses,  for  the  mud  of  stone-pave- 
ments, are  given  in  table  No.  41. 

Table  No.  41. — Composition  op  Mud  prom  Stons-pated  Strbbts, 

HORSE-DXJNQ  AND  FaRMTAKD  DuNO. 

DiiedatSOf'  Fahr. 


1 
C0X8TITUB3rT3.     j 

Fresh 
hoise- 
dtmg. 

Farm- 
vaid 
auDg:. 

Mud  from  stone  paved  streets. 

Maximnm 

organic  (dty 

weather). 

Minimnm 

organic  (wet 

weather). 

Average. 

1 

Organic 
Lliiicral         • 

Per  cent. 
82-7 
17-3 

Per  cent. 
69-9 
301 

Per  cent. 
68-2 
41-8 

Per  cent. 
20-5 
79-5 

Per  cent. 
47-2 
52-8 

100-0 

100-0 

100-0 

100-0 

1000 
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The  higher  proportion  of  mineral  matter  in  wet 
weather  proves  that  in  such  weather  the  abrasion  of 
stone  and  iron  is  greatest.  Dr.  Letheby  estimated  that 
the  average  proportions  of  stone,  iron,  and  dung  in  tho 
ciuds  were : — 

Horse-dung     •        •        <        •        •      57  per  cent. 
Abraded  stone  .        .        .        .      30       „ 

Abraded  iron    .        .     *  .        ,        .13       „ 


100 


f$ 


The  mud  was  so  finely  comminuted  that  it  floated 
freely  away  in  a  stream  of  water. 

In  the  mud  of  wood  pavements,  the  proportion  of 
organic  matter  in  the  dried  mud  was  larger  than  in  the 
mud  of  stone  pavements.  It  amounted  to  about  60  per 
cent. 

The  amount  of  moisture  in  the  street  mud  varied  ac- 
cording to  the  state  of  the  weather : — 

Stonb  Faykxbnt.  Moisture. 

In  the  driest  weather       •        ,  rarely  less  than  35  per  cent. 
In  ordinary  weather         .        .  ,,  48}    „ 

In  wet  weather        ...  „      70  to  90      „ 

By  far  the  greatest  proportion  of  the  detritus  of  mac- 
adamised roads  consists  of  the  worn  material  of  the 
road;  and  the  important  principle  was  early  revealed 
by  experience,  **  that  the  oftener  that  streets  are  cleansed, 
the  less  is  the  mud  which  is  created  and  removed,  whilst 
the  attendant  expenses  are  by  no  means  increased,  and 
the  roads  are  kept  in  a  better  state  of  preservation." 
This  principle  is,  besides,  logically  deducible  from  the 
fact  that  the  worn  particles,  if  left  on  the  surface,  act 
as  a  grinding  powder  under  the  wheels  and  the  horses' 
feet,  to  reduce  to  similar  powder  the  surface  of  the  road ; 
and  that  the  mud  which  is  formed  with  the  detritus, 
when  rain  falls    upon   and  is   mixed  with  it,  operates 
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like  a  sponge  in  retainirg  tlie  moisture  upon  the  sur- 
face. The  upper  crust  as  well  as  the  substratum,  under 
these  circumstances,  become  saturated  with  moisture, 
softened,  and  ''rotten;** — ^just  as  a  gravel  footpath,  hard 
and  solid  in  ordinary  weather,  becomes  sodden  and  pulpy 
when  it  is  lapped  for  a  time  by  a  covering  of  half- 
melted  snow.  The  macadamised  carriage-way,  thus  re- 
duced, is  exposed  to  rapid  deterioration  by  the  traffic, 
which  increases  in  a  highly  accelerated  ratio  with  the 
period  during  which  the  road  is  left  uncleansed.  The 
statistics  of  cleansing  unanimously  support  these  conclu- 
sions. Shortly  after  Sir  Joseph  Whitworth  introduced 
his  street-scraping  machine  in  Manchester,  it  was  ascer- 
tained from  calculations  made  by  the  municipal  authorities 
on  the  relative  advantages  of  machinery  and  manual 
labour,  that,  by  cleansing  the  macadamised  streets  with 
the  Whitworth  machine,  three  times  a  week,  the  quantity 
of  mud  produced  on  the  surface  was  only  one-fifth  of 
what  was  produced  when  they  were  swept  by  hand 
twice  in  three  weeks,  and  only  one-thirteenth  of  what 
was  produced  when  they  were  swept  once  a  week.  The 
following  are  the  statistics  referred  to  : — 

Mancuesteu  : — Area  of  district,  5,500,000  square  yards. 

Average  ai-M 
swept  to 
Loads  produce  a 

removed.  load. 


Square  yards. 
Swept  by  machine  three  times  a  week    •    1,285  4,388 

Swept  by  manual  labour  twice  in  three 

weeks.    Township,  1841-42        .        .    6,400  859 

Swept  by  manual  labour  once  a  week. 

Township,  1838-39      ....  17,000  343 

There  is  a  want  of  harmony  in  this  statement,  from 
which  it  appears  that  by  hand-scraping  once  a  week 
more  mud  was  collected  than  by  scraping  once  in  10  days- 
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There  was  probably  a  difference  of  circumstances,  as 
there  was  an  interval  of  three  years  between  the  two 
series  of  observations.  Be  that  as  it  may,  it  is  obyious 
that  the  more  frequent  cleansing  performed  by  the  ma- 
chine, was  instrumental,  not  only  in  keeping  the  streets 
in  better  condition,  but  in  reducing  the  tear  and  wear 
of  the  streets,  as  represented  by  the  decreased  quantity 
of  detritus  which  was  generated  and  removed.* 

When  a  road  is  very  soft,  it  should  not  be  touched; 
or,  at  the  most,  only  the  loose  liquid  mud  should  be 
removed,  by  light  sweeping,  with,  at  the  same  time,  a 
copious  use  of  water.  When  a  road  is  in  a  soft  con- 
dition, and  is  covered  with  a  thick  tenacious  mud  which 
adheres  to  the  stones,  it  is  a  common  opinion  that  the 
use  of  water  injures  the  road  by  softening  the  surface, 
and  causing  a  removal  of  the  material.  But  the  truth 
is  exactly  the  reverse.  A  road  in  this  condition  can- 
not be  effectually  cleansed  without  water: — ^by  the  free 
use  of  water,  the  mud  is  softened,  is  liquefied,  and  is 
easily  removed  without  impairing  the  integrity  of  the 
surface,  or  removing  the  useful  grit. 

The  difficulty  and  cost  of  cleansing  streets  effectually 
by  hand-labour,  are  materially  diminished  by  the  sub- 
stitution of  the  sweeping  machine.  The  Whitworth 
machine  has  been  much  employed  for  cleansing  streets. 
The  apparatus  consists  of  a  series  of  broad  brooms, 
usually  about  30  inches  wide,  attached  to  a  pair  of 
endless  chains  which  turn  upon  an  upper  and  a  lower 
set  of  pulleys  suspended  in  a  light  wrought-iron  frame, 
behind  a  cart,  the  body  of  which  is  near  the  ground. 
As  the  cart-wheels  revolve,  they  communicate,  by  gear- 
ing, a  rotary  motion  to  the  pulleys  carrying  the  endless 

*  See  a  paper  "  On  the  Present  State  of  the  Streets  of  the  Metro- 
polis," Froeeedinga  of  t\0  Institution  of  Civil  Engineers^  1843;  voL  IL 
page  202. 
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chains  and  the  brooms  attached  to  them ;  the  brooms 
being  sufficiently  lowered  so  as  to  bear  upon  the 
surface  of  the  street,  they  successively  sweep  the  sur- 
face, and  carry  up  the  soil  on  an  inclined  carrier-plate, 
over  the  top  of  which  it  is  dropped  into  the  receptacle. 
The  oblong  arrangement  of  brooms,  effected  by  the  em- 
ployment of  the  endless  chains,  contrasts  favourably  with 
a  simply  circular  or  revolving  broom;  for  the  ends  of 
the  brooms  move  most  rapidly  in  the  act  of  revolving 
on  the  lower  pulley,  whilst  they  are  in  contact  with 
the  ground,  and  they  move  towards  the  upper  end  at 
a  less  speedy  whilst  conveying  the  soil  up  the  incline. 
In  turning  over  the  upper  pulley,  the  velocity  of  the 
ends  of  the  brooms  is  again  raised  to  the  maximum, 
and  the  mud  is  at  this  place  stripped  from  them  by 
a  bar  called  a  "  doctor."  If,  for  instance,  the  horse 
travels  at  the  rate  of  3  miles  per  hour,  the  speed  of 
the  brooms,  whilst  sweeping  the  ground,  is  9  miles  per 
hour ;  whilst  passing  under  the  doctor,  6  miles  per  hour ; 
whilst  they  convey  the  mud  up  the  incline  at  3  miles  per 
hour.  The  brooms  are  raised  and  lowered  by  hand, 
by  means  of  a  coiled  spring  and  chain.  The  spring 
relieves  the  pressure  of  the  brooms  upon  the  ground, 
according  to  the  inequalities.  A  strong  horse  is  required 
to  work  and  to  draw  the  machine. 

The  area  of  surface  swept  daily  in  Manchester,  in  1847, 
by  one  of  Whitworth's  machines,  with  one  man  and 
one  horse,  varied  from  14,000  to  20,000  square  yards. 
The  quantity  removed  amounted  to  from  one  to  three  loads 
per  acre,  according  as  the  surface  was  dry  or  wet.*  The 
cost  of  working  each  machine  was  from  IO9.  to  Ids,  per  day, 
exclusive  of  all  the  expenses  attending  the  disposal  of 
the  sweepings,  &c.    Sweeping  continuously,  each  machine 

*  *'  Mechanical  Street  Cleansing,"  FrocMdingt  of  the  InttUution  0/ 
Civil  Engineer  By  1847 ;  vol.  yi.  p.  431. 
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would  cleanse,  in  a  day,  a  strip  of  roadway  30  inches  wide, 
and  20  miles  long,  making  an  area  of  29,334  square^  yards. 
As  a  fact,  more  than  30,000  square  yards  have  been  swept 
in  a  day.  But,  a  third,  at  least,  of  the  whole  time  that 
the  machine  is  at  work,  is  consumed  in  conveying  it  to 
and  from  the  place  of  deposit,  and  unloading.  During  the 
spcond  half  of  the  year  1843,  each  machine  swept  an 
average  of  18,189  square  yards  per  day,  in  Manchester. 
Against  this  performance  it  appears,  from  official  returns, 
that  in  the  years  1840 — 42,  each  able-bodied  man  em- 
ployed swept,  on  an  average,  1,190  square  yards  per  day, 
and  each  pauper  swept  about  600  square  yards.  From 
these  data,  it  appeeurs  that  the  effective  work  of  one 
machine  equalled  the  work  of  17  able-bodied  sweepers. 
The  comparative  costs  may  be  placed  as  follows: — 

Sweeping  by  hand : — 

Seventeen  sweepers  at  28.  per  day .  34s. 

Cart,  horse,  and  driver  ...  8s.  42s.  per  day. 

Sweeping  by  machine,  say    •        .        ,  —  13s.      „ 

JDifference,  saving  by  machine  •  •        293.     „ 

showing  that  the  cost  by  machine  was  less  than  one-third 
the  cost  of  manual  labour. 

In  Salford,  the  results  of  comparative  trials  of  sweeping 
by  hand  and  by  machine,  showed  that  the  cost  of  cleansing 
was — 

Square  yards  Per  square 

per  day.  yai-d. 

By  hand     .        .    £674  8s.  8d.  sweeping  15,904        .  10-li{d. 

By  one  machine .    £195  9s.  5d.        „        14,165        .  3*31 

In  Birmingham,  according  to  Mr.  Pigott  Smith,  the 
extent  of  surface  of  urban  carriage-way,  swept  by  eight 
machines,  was  254,000  square  yards.  The  whole  of  this 
area  was  macadamised,  and  was  kept  well  cleansed  by  the 
eight  machines.  The  area  of  surface  averaged  about  32, 000 
square  yards  for  one  machine,  which  would  have  been 
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traversed  tliree  times  a  week,  allowing  a  traverse  of 
16,000  square  yards  per  day.  '*I  keep  the  brooms,"  says 
Mr.  Smith,  "suitable  for  the  weather:  if  very  wet,  I  use 
new  brooms ;  if  dry  and  sticky,  I  use  those  that  have  been 
worn  down ;  if  very  sticky,  I  send  out  water-carts  before 
the  machines,  and  the  effect  is  excellent.  I  endeavour  to 
do  all  the  sweeping  between  the  hours  of  two  and  eight  in 
the  morning."  In  1846,  8,339,760  loads  of  water  wore 
laid  on  the  streets,  at  a  cost  of  £1,788 : — ^partly  to  prevent 
dust,  partly  to  facilitate  the  cleansing.  When  the  sweep- 
ing-machines were  charged,  they  were  drawn  to  the  gully- 
grates,  into  which  the  fluid  portion  of  the  material  swept 
up  was  allowed  to  drain  off,  whilst  the  grit  remaining  at 
the  bottom  was  used  as  binding. 

Mr.  Pigott  Smith,  referring  to  his  experience  of  the 
roads  in  Birmingham,  communicates  some  important  data 
on  the  reduction  of  waste,  and  the  saving  of  material  for 
the  repair  of  roads  which  are  efficiently  cleansed.*  "  Long 
experience  has  demonstrated  that  by  the  use  of  the  sweeping 
machines,  with  the  proper  employment  of  water,  a  saving 
of  full  one-third  of  the  material  required  for  the  repair  of 
the  roads  has  been  effected  in  one  particular  district  in 
the  Borough  of  Birmingham.  The  following,"  he  con- 
tinues, *'  is  the  result  of  an  experiment  to  ascertain 
whether  useful  grit  was  or  was  not  removed  by  water 
with  machine-sweeping.  On  the  22nd  of  March,  1849,  the 
Quadrant,  Regent  Street,  London,  was  covered  with  a 
thick  layer  of  adhesive  mud,  which  was  causing  great 
annoyance,  as  well  as  considerable  injury  to  the  road,  but 
could  not  be  taken  up  by  scraping,  without  removing  also 
much  of  the  new  stone  to  which  it  adhered.  It  was  deter- 
mined to  sweep  one  half  of  it  whilst  dry,  and  the  other 
half  after  proper  watering.     This  was   done,    and  the 

*  "  Macadamised  Roads,"  in  the  Proceedings  of  the  Institution  of 
Civil  Engineers,  1853-64  ;  vol.  xiii.  page  226. 
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sweepings  were  washed,  to  separate  tke  refuse*from  the 
strong  matter  mixed  with  it.  It  was  found  that  one-third 
of  that  which  was  taken  up  dry,  consisted  of  coarse  grit, 
which  would  have  been  useful  on  the  road ;  whilst  one- 
twelfth  part  only  of  that  which  was  removed  in  the  form 
of  liquid  mud  was  stony  matter,  and  it  was  so  completely 
pulverised,  as  to  be  of  scarcely  any  use.  After  the  two 
portions  of  the  road  had  been  cleansed,  the  difference 
between  them  was  very  striking :  that  which  was  swept 
whilst  dry  was  still  covered  with  adhesive  mud,  which, 
together  with  the  stones  to  which  it  adhered,  was  lifted  by 
the  wheels,  the  whole  road  being  rough  and  uneven, 
whilst  the  portion  which  had  been  swept  after  watering 
was  smooth  and  even.  On  the  24th,  both  portions  were 
again  swept,  but  only  one  quarter  as  much  dirt  was  taken 
from  that  which  had  been  water-swept  as  from  that  which, 
being  in  a  sticky  condition,  had  been  swept  without  the 
addition  of  water.  On  the  26th,  rain  feU,  and  three  times 
as  much  slop  was  taken  off  the  part  of  the  road  which 
had  not  been  swept  on  the  22nd.  The  preseivative  effect 
of  water-sweeping  by  mechanical  means,  was  demonstrated 
by  the  decidedly  better  condition  of  that  portion  of  the 
road  so  cleansed." 

The  detritus  of  the  material  of  a  granite  pavement  con- 
stitutes but  a  very  small  proportion  of  the  total  quantity 
of  mud-forming  dust.  Colonel  Haywood  exemplified  this 
proportion  in  an  interesting  manner,  taking  the  instance  of 
the  granite  pavement  of  London  Bridge, — 3-inch  Aberdeen 
granite  sets, — which  was  removed  in  1851,  after  having 
been  down  nine  years.  The  average  loss  of  granite  over  an 
area  of  3,950  square  yards,  he  estimated,  was  equal  to 
2  inches  of  vertical  wear.  The  total  volume  of  granite 
worn  away  was,  therefore,  about  219 J  cubic  yards,  assum- 
ing that  the  surface  was  a  continuous  mass  of  granite, 
though  there  was  of  course  a  considerable  superficial  area 
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of  joints.  Assuming  that  the  granite  worn  off  was  r^ 
duced  to  the  state  of  fine  powder,  it  was  increased  in  bulk 
probably  one  half,  and  its  volume  had  been  (219J-  x  IJ  =} 
329J  cubic  yards.  Adding  5  per  cent,  for  the  loss  upon 
stones  removed  and  replaced  from  time  to  time,  the  total 
quantity  worn  off  and  reduced  to  powder,  and  carried 
away,  mixed  with  the  dust  of  the  street,  and  mud,  would 
only  have  amounted  to  345*7  cubic  yards  for  nine  years, 
equivalent  to  a  wear  of  '105  cubic  yard — about  a  tenth 
of  a  cubic  yard — ^per  day.  "Whereas,  the  quantity  of  dust 
removed,  daily,  in  dry,  calm  weather,  was  from  3  to  3J- 
cubic  yards, — over  thirty  times  as  much  as  the  granite 
detritus.  So  much  for  horse-droppings  and  shoe-leather, 
which  must  have  constituted  29-30ths  of  the  total  accu- 
mulation,— independent  of  the  contributions  of  house- 
refuse,  in  the  inhabited  streets. 

Seeing  that,  according  to  the  results  of  these  observa- 
tions, the  grtmitic  element  of  the  refuse  constituted  little 
more  than  3  per  cent,  of  the  whole,  the  evidence  of  the 
exceedingly  greater  wear  of  a  macadam  surface  is  strik- 
ingly exhibited  in  the  contrast  of  the  comparative  costs 
for  cleansing  the  two  kinds  of  surface.  Mr.  Boyle  states 
that,  in  the  spring  of  1870,  there  were  laid  in  Ohester 
Street,  Manchester,  10,000  square  yards  of  granite  pave- 
ment, and  an  area  of  equal  extent  of  macadam.  The 
condition  of  each  surface  was  maintained  uniform  through- 
out the  period  of  trial,  by  sweeping,  for  which  the  respec- 
tive costs  were  did.  per  1,000  square  yards,  and  5«.  2id, 
per  1,000  square  yards, — in  the  ratio  of  1  to  7.  The 
average  costs  throughout  the  year,  ranged  in  the  ratio  of 
1  to  c.  The  great  bulk  of  the  excess  for  macadam,  com- 
pared with  pavement,  must  have  been  due  to  the  vastly 
augmented  wear  of  granite,  even  under  equal  trafiics, 
since  the  dust  and  mud  from  other  sources  must  have  beoo 
the  same — as  a  constant  quantity — for  both 


384 


CLEANSING  OF   PAVEMENTS. 


In  Beading,*  which  has  about  23  miles  of  macadam 
roads,  17  miles  are  watered  twice  a  day ;  for  which  pur- 
pose 11  watering-carts  and  barrels,  and  4  hand- watering 
machines,  have  been  employed.  One  cart  waters  a  length 
of  5,962  lineal  yards,  having  an  area  of  23,849  square 
yards,  twice  a  day,  at  a  cost  of  8«.  for  horse,  cart,  and 
man,  and  Is,  6d,  for  maintenance  of  cart,  and  harness, 
and  shoeing ;  total,  9*.  5d,  per  day.  "With  one  hand- 
machine,  23,740  square  yards  are  watered  twice  daily 
at  a  cost  of  28.  lOd.  each  for  two  men,  and  Id,  for  main- 
tenance ;  making  a  total  daily  cost  of  68,  3d, 

Area  watered  CkMt        Water  delivered 

twice  daily.  per  day.       per  square  yd. 

One  water-cart      .    23,849  square  yards        9s.  5d.        0*o I  gallons 

One  hand.machine     23,740  „  6s.  3d.        1*30      », 

Watering  the  Streets  of  the  City  of  London  with  Jet  and 
Hose. — ^In  1867,  and  1872,  experiments  were  made  in 
washing  the  carriage-ways  of  Cheapside  and  the  Poultry 
when  laid  with  granite  pavement,  and  afterwards  with 
asphalte  pavement.  The  asphalte  pavement  of  Old  and 
New  Broad  Streets  was  likewise  washed  experimentally. 
Hydrants  were  erected  in  Cheapside,  at  distances  of 
33  feet  apart,  and  in  Broad  Streets  at  140  feet  apart. 
Six  men  were  employed  at  each  washing  of  Cheapside 
in  the  first  trial,  and  10  men  in  the  second  trial ;  for 
which  two  jets  of  water  were  used  during  the  time  of 
the  first  trial.  The  work  of  the  10  men  in  the  second 
trial  was  thus  distributed: — four  in  playing  the  jets, 
two  in  moving  the  hose  from  place  to  place,  and  four 
with  brooms  in  sweeping  the  surface  of  the  asphalte, 
and  keeping  the  channels  free  from  straw  and  larger 
refuse.  These  men  also  used  "  squeegees"  (india-rubber 
sweeps)  to  dry  the  surface  of  the  asphalte.     Of  the  six 

♦  Mr.  Ellice-Clark's  Pejporf,  pages  25,  26 
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men  employed  on  the  granite  pavement,  four  played  the 
jetS;  and  two  moved  the  hose;  and  plied  the  brooms. 

Table  No.  42. — ^Washing  Carwage-wat  Patehents  with 

Jet  and  Hose. 

Resulte  of  Experiments  in  the  City  of  London. 


t   '         ■;■ 

1867, 

1872. 

Granite 

Asphalte  pavement. 

Pabticulabs. 

pavement. 
Gheapside, 

Urn 

Gheapside, 

Broad 

Wv. 

&c. 

Streets. 

Length  ....   feet 

2,000 

2,000 

1,436 

Area  of  pavement  washed 

'  square  yards 

9,792 

10,363 

3,671 

Time  washing         .        * 

2h.  19m. 

2h.  4m. 

Ih.  3m. 

Area  washed  per  hour 

square  yards 

4,220 

6,000 

3,600 

Water  consumed     .      gallons 

19,500 

19,726 

9,786 

Do.        do.       per    square 

yard    .        .        .      gadlons 

1-99 

1-90 

2-66 

Cost  for  lahour 

9s.  lOjd. 

9s. 

4s.  lOfd. 

Cost  for  water,  at  6d.  per  1,000 

gallons         .... 

9s.  9d. 

9s.  10|d. 

4s.  9d. 

Cost  for  labour  and  water,  one 

day*s  washing 

19s.  7}d. 

18s.  lOjd. 

9s.  7|d. 

Cost  for  labour  and  water,  per 

square  yard;        .         pence 

•0241 

•0218 

•0316 

Cost  for  labour  and  water,  per 

square  yard,  per  year ;  pence 

7-610 

6-823 

9-869 

Add  for  supervision,  preparing 

'    apparatus,   wear  and   tear, 

&c.,  20  per  cent. . 

1-600 

1-377 

1-972 

Tot^l  cost     . 

9-010 

8-200 

11-831 

The  granite  pavement  was  more  thoroughly  cleansed 
by  hose  than  in  the  ordinary  way,  by  scavengers.  The 
cost  of  washing  asphalte  was  only  3  6r  4  per  cent,  less 
than  that  for  granite. 

Mr,  T,  Zovielc's  Experiments  in  Washing  the  Streets  of 
London. — ^In  evidence  before  the  General  Board  of  Health, 
in  1850,  Mr.  Lovick  stated  that  in  surface- cleaning  by 
a  jet  and  hose,  illustrated  in  Figs.  82  and  83,  the  quantity 

0  0 
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of  vater  consumed  was  at  the  rate  of  rather  lees  than 
1  gallon  per  square  yard  of  surface  of  caxriage-way, 
working  at  "  extremely  lov  pressuroB."  He  meutions 
experiments  made  by  Mr.  Lee,  at  Sheffield,  with  "very 
high  preBsuree,"  in  which  Mr.  Lee  effected  the  deana- 
ing  with  a  couenmptioii  of  lees  than  a  third  of  a  gallon 
per  square  yard.  Mr.  Lovick  estimated  that  the  foot- 
paths could  be  cleansed  with  a  consumption  of  half  a 


Tig.  82.— OleaiLalTi^  tha  Snr&cefl  of  ^ti'Hta. 

gallon  of  water  per  square  yard.  He  adds  that  the 
daily  cleansing  could  be  effected  at  a  cost  of  3d.  per 
house  per  week,  .exclusive  of  the  cost  for  water ;  for 
which  he  allowed  28  square  yards  of  carriage-way  and 
16  square  yards  of  footway,  per  house.  At  this  rate, 
the  first  item  of  cost  per  square  yard  of  surface  would 
amount  to  Hd.  per  square  yard  per  year.  For  water, 
the   cost   at  Gd.   per    1,000   gallons,  would  be    Hd.  per 
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wjuare  yard  per  year.    The  total  ooet  would  be  5A  per 
■quftre  yard  per  year. 

Mr.  Lovick,  at  the  same  time,  estimated  that  the  cost 
of  cleanBing  by  ordinary  ectLvengiiig  was  nearly  double 


Tig.  ea.— Ole'uieiiict  don  CoaiU  and  illtya, 

the  cost  by  jet  and  hose,  whilst  the  jet  had  been  shown 
to  be  much  more  efficacious  in  removing  evaporating 
matter  and  filth.* 
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It  has  been  found;  as  the  result  of  special  observa- 
tions, that, — 

For  4  loads  of  mud  or  slop  removed  from  a  macadam 

surface, 
1  load  is  removed  from  a  granite  pavement ;  and 
^  load  is  removed  from  a  wood  pavement. 

Cleansing  in  Paris. — ^In  Paris,  since  1855,  many  attempts 
have  been  made  to  substitute  sweeping  machines  for 
hand  labour.  But  the  inconvenience  attending  their 
use — the  need  for  a  depot  to  hold  them  when  not  in 
use,  the  need  for  horses  to  work  them,  and  the  diffi- 
culties of  continuously  employing  them  in  frequented 
thoroughfares, — have  hitherto  prevented  their  being  gene- 
rally employed.  One  of  these  machines,  constructed  by 
M.  Tailfer,  which  worked  very  well,  performed  the 
work  of  8  or  10  sweepers.  It  is  fitted  with  a  revolving 
brush,  5  feet  8  inches  long,  placed  obliquely,  and  sweep- 
ing a  breadth  of  5  feet  at  one  passage. 

In  some  comparative  trials  which  were  made,  one  man, 
with  a  good  brush,  swept  720  square  yards  of  macadam 
per  hour,  dry,  lightly  watered,  without  heaping  the  mud ; 
480  square  yards  covered  with  liquid  mud ;  360  square 
yards  covered  with  thick  mud.  On  a  paved  street,  he 
swept  from  600  to  820  square  yards  per  hour. 

M.  Tailfer' s  machine  performed  the  work  of  7  men  in 
the  first  case  just  recorded,  10  men  in  the  second  case,  and 
12  men  in  the  third  case  ;  but,  in  the  third  case,  the  work 
was  not  perfect.  Taking  all  charges  into  the  accoimt,  it 
appeared  that  the  work  done  by  the  machine  cost  about 
the  same  as  the  work  done  by  hand,  but  it  was  done 
much  more  expeditiously. 

General  Observations  0h  Street  Cleansing, — The  proper 
cleansing  of  pavements  is  a  work  which,  in  this  country, 
is  unfortunately  too  frequently  performed  by  the  authorities 
in  a  very  slovenly  and  imperfect  manner.     It  may  not  be 
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nninterosting  to  note  here  that  a  well-known  London  sur- 
veyor, in  a  report  which  he  drew  up  some  years  back 
upon  **  Scayengingy  Cleansing,  &c.,"  made  the  statement 
that  private  companies  and  individuals  could  get  from 
10  to  20  per  cent,  more  work  out  of  their  employes  than 
it  was  possible  for  public  bodies  to  obtain  in  the  case  of 
work  for  which  payment  was  made  out  of  the  rates. 

The  complaints  which  are  made  of  the  slipperiness  of 
asphalte  are  in  a  great  measure  due  to  the  filthy  condition 
in  which  the  surface  is  kept ;  were  it  thoroughly  cleansed, 
and  properly  washed,  this  drawback  would  almost  cease  to 
exist,  and  the  same  remark  also  applies,  though  in  a  lesser 
degree,  to  wood  pavement. 

Street  refuse  may  be  taken  to  include  all  refuse,  both 
wet  and  dry,  which  is  swept  up  from  the  surface  of  the 
streets,  as  well  as  the  deposits  removed  from  the  gully 
catch  pits.  In  practice  slop  is  too  often  allowed  to  lie  in 
the  channels  for  lengthened  periods,  this,  besides  forming 
a  most  objectionable  obstacle  to  pedestrians  crossing  the 
carriage-way,  causes  those  using  the  side-walks  or  foot- 
ways, as  well  as  the  windows  and  walks  of  the  adjacent 
houses,  to  be  splashed  in  a  most  deplorable  manner,  is 
furthermore  liable  to  find  its  way  by  gravitation,  or  to  be 
washed  by  rain  into  the  gullies,  from  where  it  finds  its 
way  into  the  sewers  or  storm- water  culverts,  and  as  this 
slop  is  largely  composed  of  fine  grit  it  is  most  injurious  in 
its  action  upon  sewers,  and  its  removal  is  a  matter  attended 
by  considerable  expense.  In  support  of  this  may  be  quoted 
the  following  from  a  report  by  Lt.-Ool.  0.  B.  Ewart,  R.E., 
on  the  ** Proper  Principle  of  Drainage":  "The  surface 
waters  take  with  them  into  the  sewers  the  fine  sand  and 
other  material  from  the  street.  This  accumulates  inside 
the  sewers  (especially  when  the  gradients  are  low,  as  is 
generally  the  case  in  the  towns  in  question*),  and  be- 

f  Oxford,  Eton,  Windaor,  and  Abingdon, 
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coming  impregnated  with  the  foecal  matter,  forms  a  clammy 
mass  at  the  bottom  of  the  sewers,  which  in  summer  is  of 
considerable  thickness,  and  from  its  weight  is  never  com- 
pletely washed  away,  even  in  winter." 

If  the  surface  of  an  asphalte  pavement  be  kept  clean  by 
proper  scavenging,  and  washing,  it  would  be  an  ideal 
pavement  as  regards  its  sanitary  aspect,  and  would,  more- 
over, give  no  cause  for  complaint  on  the  score  of  slipperiness. 
Nor  is  the  proper  cleansing  of  wood  pavements  a  less 
important  matter,  as  it  likewise  becomes  dangerously 
slippery  when  coated  with  a  layer  of  greasy  mud,  and 
moreover,  owing  to  the  multiplicity  of  joints,  requires 
more  careful  cleansing  than  asphalte  to  maintain  it  in  a 
sanitary  condition. 

It  is  usual  to  top-dress  a  newly-laid  wood  pavement,  and 
to  allow  the  trafiGlc  to  work  the  grit,  resulting  from  the 
crushing  of  this  material,  into  the  surface  of  the  pavement. 
The  advantages  derivable  from  this  practice  are,  in  the 
author's  opinion,  greatly  overestimated,  but  in  any  case  it 
is  absolutely  essential  that  the  material  used  for  this  top- 
dressing  should  be  fine-screened  sharp  gravel  and  not 
small  stones,  such  as  one  sees  too  commonly  employed, 
and  which  only  roll  about  the  surface  to  the  general 
inconvenience;  moreover,  the  gravel  should  be  laid  in 
thin  successive  layers,  and  not  in  one  thick  layer,  which 
prevents  its  being  properly  worked  into  the  wood.  The 
material  employed  for  top-dressing  is  often  of  an  improper 
description,  and  is  frequently  used  in  such  quantities  that 
in  wet  weather  the  street  becomes  absolutely  impassable 
for  pedestrians. 

In  wet  and  frosty  weather  the  surface  of  bol^  wood  and 
asphalte  pavements  are  usually  sanded  to  prevent  slipping; 
this  is  especially  objectionable  in  the  case  of  the  latter 
owing  to  its  tending  to  injure  the  surface  of  the  pave- 
ment.   To  avoid  slipperiness  it  is  absolutely  essential  that 
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both  wood  and  asphalte  be  thoroughly  and  systematically 
deaused ;  the  latter,  indeed,  shoiild  be  well  washed  every 
night  or  morning,  and,  as  before  mentioned,  if  this  cleansing 
were  efficiently  and  systematically  carried  out,  there  would 
be  no  complaints  as  to  danger  from  slipping. 

Destruction  of  Pavements  hy  Water  and  Gas  Companies, — 
No  one  can  have  failed  to  observe  the  manner  in  which  a 
newly-laid  pavement,  almost  immediately  upon  comple- 
tion, is  frequently  opened  up  by  gas  and  water  companies 
for  repairs  to  their  mains,  and  the  inefficient  way  in  which 
the  repairs  to  the  pavement  are  subsequently  executed. 
In  fact,  the  whole  affair  is  a  perfect  scandal,  and  it  is 
utterly  impossible  to  have  the  roads  or  streets  in  a  good 
condition  so  long  as  it  is  permitted  to  exist.  Another 
cause  of  the  deplorable  state  of  so  many  of  our  streets  is 
their  extreme  narrowness. 

Comparative  Facility  of  Scavenging  Asphalte  and  Block 
Pavements. — The  great  facility  with  which  an  asphalte 
pavement  can  be  scavenged,  and  maintained  in  a  sanitary 
condition,  form  its  two  greatest  advantages,  and  its  main- 
tenance is  also  easy.  With  wood  pavement  the  time 
required  for  its  proper  restoration,  after  opening  up  for 
repairs  to  water  and  gas  mains,  is  a  great  objection.  All 
block  pavements,  whether  composed  of  stone  setts,  wooden 
blocks,  or  bricks,  provide  in  the  numerous  joints  recep- 
tacles for  filth,  and  the  wider  these  joints  the  more  aggra- 
vated will  be  the  evil,  and  not  only  is  it  necessary  to  insure 
a  sanitary  condition,  that  in  business  thoroughfares  the 
horse-droppings  be  regularly  removed  by  a  street  orderly 
service,  but  likewise  that  the  pavements  should  be  cleansed 
every  day,  either  by  horse  sweeping-machines  or  by  hand 
labour,  and  at  least  once  a  week,  and  preferably  twice  a 
week,  in  dry  weather,  the  pavement  should  be  thoroughly 
watered  and  machine-swept.  It  is  a  very  doubtful  matter 
whether  ^ood  pavements  with  grooves  or  wide  joints  pro- 
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vide  any  better  foothold  to  horses  than  do  close  joints, 
owing  to  the  rounding  of  the  edges  of  the  blocks  in  the 
first  instance,  and  the  greasy  mud  which  collects  in  the 
spaces,  but  such  joints  undoubtedly  provide  receptacles 
for  the  dirt,  and  render  the  proper  cleansing  a  matter  of 
great  difficulty,  as  well  as  forming  a  bumpy  and  dis- 
agreeable surface.  The  principal  streets  in  a  semi-rural 
district  may  be  kept  in  tolerable  condition  by  being  swept 
twice  each  week« 


OHAPTEE  XXV. 
MOUNTAIN-ROADS, 

Thk  first  thing  to  be  observed  by  the  engineer  in  lay- 
ing out  a  mountain-road,  is  that  he  should  personally 
examine  every  possible  route  before  deciding  upon  the 
line  to  be  followed.  An  old-established  line  of  traffic 
should  not  be  hastily  abandoned  for  one  that  presents 
greater  engineering  facilities,  and  apparently  equal  com- 
mercial advantages.  Major  James  Browne*  mentions  an 
instance  where,  in  one  district  of  the  Punjab,  a  new 
road  was  made  from  the  hills  to  the  plains,  which,  it  was 
thought,  would  at  once  draw  away  all  traffic  from  the 
old,  circuitous,  and  greatly  more  difficult  line.  Never- 
theless, the  old  road  is  used,  and  the  new  one  is  not 
used,  for  the  simple  reason  that,  whereas  both  lines  are 
thickly  wooded,  the  trees  on  the  new  line  are  acacias  and 
thorn  bushes,  whilst  those  on  the  old  line  provide  excellent 
forage  for  the  beasts  of  burden,  for  five  days'  march. 
Major  Browne  adds,  that  the  natives  of  India  have 
generally  had  good  economical  and  local  reasons  for  the 
selection  of  their  old  lines  of  traffic. 

The  broad  principle  most  generally  applicable  in  the 
selection  of  mountain-roads,  is,  according  to  Major  Browne, 
— '*  The  best  line  for  a  mountain-road  is  that  on  which 
the  total  sum  of  the  ascents  and  of  the  descents  between 

*  **  On  the  Tracing  and  Construction  of  Boads  in  Mountainous 
Tropical  Countries." — Froceed%ng$  of  the  Institution  of  Civil  Engineer  it 
1873-4 ;  vol.  xxxviii.  |>age  67. 
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the  extreme  points,  is  the  least.''  At  elevations  exceed- 
ing 8,000  feet,  attention  is  to  be  given  to  the  action  of 
snow  in  winter;  for  want  of  such  consideration,  roads, 
otherwise  well  laid  out,  are  rendered  impassable,  for 
many  weeks,  by  avalanches.  In  the  Himalayas,  the 
northern  slopes  are  thickly  wooded,  where  the  southern 
slopes  are  bare.  The  wooded  side  should  be  selected; 
for  the  trees  break  the  force  of  the  rain  as  it  falls,  and 
the  road  is  better  protected  than  it  would  be  on  the 
bare  hillside.  Where  the  road-trace  crosses  a  deep 
chasm  formed  by  a  river,  the  approaches  should  be  laid 
down  stream,  to  have  the  benefit  of  the   slope  of  the 


Fig.  84.— Boad-Tiaoe  approaching  a  deep  Chasm. 

river  bed.  Major  Browne  illustrates  this  proposition, — 
by  drawing  tlie  horizontal  line,  r  h,  Fig.  84,  through 
the  point  e,  where  the  road  is  to  cross  the  sloping  bed 
of  the  river,  A  b,  parallel  to  the  bank,  c  d,  of  the  vertical 
height  E  M.  Draw  e  f  and  e  g  through  e,  making  equal 
angles  with  the  horizontal  line.  The  down-stream  trace 
clears  the  bank  in  the  distance  e  f,  which  is  shorter  than 
the  up-stream  trace  e  g.  The  distinction,  though  obvious, 
is  frequently  overlooked. 

Heavy  expenses  and  difficult  drainage  are  often  avoided 
by  the  use  of  zig-zags  in  the  route.  In  marking  out  the 
formation-level,  cuttings  which  would  exceed  10  or  15 
feet  in  depth  should  be  avoided,  if  possible.    In  the  stony 
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Boil  of  a  hilly  country,  no  trustworthy  information  i&  to  be 
had  by  boring,  for  rock  of  the  toughest  and  hardest  de- 
scription may  crop  up  where  least  expected.  In  tracing 
a  Himalayan  cart-road,  length  is  the  main  thing  sought 
for,  to  surmount  the  immense  heights  met  with.  Every 
possible  foot  of  rise  should  be  gained,  and  never  lost. 

The  steepest  admissible  gradient  for  an  unmetalled 
mountain  cart-road  in  India,  is  usually  considered  to  be 
1  in  18,  or  5*55  in  100.  Where  the  trace  rises  steadily, 
the  gradient  is  broken  at  every  600  or  600  yards  by 
100  feet  or  so,  of  slight  counter-slope,  not  merely  to  ease 
the  cattle,  but  also  to  break  the  drainage. 

Mr.  Dobson,  writing  from  his  experience  of  road-making 
in  New  Zealand,*  says  that,  whilst,  iu  level  districts,  it  is 
sometimes  worth  while  to  incur  considerable  cost  for  the 
sake  of  avoiding  inclines  steeper  than  1  in  30,  in  hilly 
country,  a  gradient  of  1  in  10  may  often  be  considered 
a  fair  working  gradient ;  that  a  gradient  of  1  in  9  is  a 
limit  which  should  not  be  exceeded  for  a  cart-road,  and 
that  it  is  seldom  worth  while  to  increase  constructive  costs 
for  the  sake  of  attaining  gradients  flatter  than  1  in  22. 

In  India,  the  usual  width  of  a  mountain  cart-road  varies 
from  18  feet  in  open  ground,  to  12  feet  along  cliffs  or  in 
very  difficult  places ;  the  maximum  gradients  vary  from 
1  in  18  to  1  in  25.  The  metalled  road-surface  in  cutting 
along  a  mountain-side,  is  usually  sloped  inwards  from  the 
outside,  at  the  rate  of  1  in  18.  The  metalling  consists  of 
a  9-inch  layer  of  broken  granite,  kunkur  rock  (a  concre- 
tion of  carbonate  of  lime),  or  coarse  slate  shingle. 

The  cost  of  the  construction  of  a  road  in  India,  ex- 
clusive of  metalling,  according  to  Major  Browne,  may 
vary  from  £1,600,  where  the  bridging  is  light  and  labour 
is  abundant,  to  £2,700  per  mile,  where  the  excavation  is 
heavy  and  the  labour  is  scarce.     An  addition  of  £300  per 

*  "  Pioneer  Engineering,"  page  61. 
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milo  is  to  be  made  for  metalling,  which  would  be  at  the 
rate  of  about  7d,  per  square  yard.  A  portion  of  the 
Hindustan  and  Thibet  road, — anunmetalled  mule-road, — 

7  feet  in  width,   with  gradients   of  from 

1  in  6  to  1  in  4,  cost  about  £500  per  mile.  1 1  ^ 

The  Grand   Trunk  road,    in   India,  837  }  I  | 

miles  in  length,  constructed  to  connect 
distant  parts  of  the  Bengal  Presidency, 
has  been  in  use  for  upward  of  25  years.  It 
is  raised  at  every  part,  about  18  inches 
above  the  greatest  known  height  of  in- 
undations. The  standard  width  of  the  a's 
surface  was,  in  the  first  instance,  30  feet ; 
this  was  afterwards  increased  to  40  feet, 
with  side  slopes  of  4  to  1.  The  central 
portion,  16  feet  wide,  is  metalled  with 
broken  granite,  or  kunkur,  which  is  laid 

8  inches  thick,  and  is  rolled  or  beaten  down  j**?!*' 
to  6  inches,  by  which  means  a  smooth  road 
is  formed.    "When  reduced  by  wear  to  a 
thickness  of  4  inches,  which  is  generally 
done  in  three  years,  the  surface  is  picked 
over  to  the  depth  of  half  an  inch,  and  a 
thickness  of  4  or  5  inches  of  new  metal  is 
laid  upon  it;    and  it  is   again  rolled    or 
rammed,  and  at  the  same  time  well  watered, 
to  bind  and  consolidate  the  new  material. 
It  is  calculated  that  the  whole  depth  of 
metalling  is  renewed  every  six  years.    The 
cost  of  the  road  is  about  £500  per   mile, 
exclusive  of  large  bridges.     The  cost  of  i 
laying  the  metalling  is  stated  as  £162  2«.  per  mile,  or 
6*22ei^.  per  square  yard ;  the  cost  for  repair  and  main- 
tenance of  metalling  is  £23  12«.  per  mile,  or  I'SSd,  per 
square  yard  per  year, 
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The  UHual  sectioa  for  a  first-class  road  in  India,  like 
what  has  juat  been  described,  ia  sliova  in  embanlnaeat, 


in  Fig.  85 ;  and  in  heavy  cutting  in  Fig.  86.     Hill  roada 
are  ehown  in  eection  in  Figs.  87,  68,  and  89. 


% 
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The  vertical  lines  of  cliffs  present  the  most  formidable 
obstacleB  to  the  formation  of  a  road  along  their  faces.    In 
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Kg.  90,  if  A  B  0  be  the  section  of  the  diff,  aad  the  rook  be 
•ufflciently  hard  aad  atiff,  a  half-tunnel  like  asr  ma,y  be 


> 


Tiff.  89.-Bo«a«  m  todi* :— HiU  Eord. 


rig.  90.— RiFautloii  of  a  B«4  In  the  &< 


Vlg.  Bl,— Ftmiuitton  of  a  Road  in 


oTaCUff.  UiebcsofnCliS. 

blaited  out ;  but  if  it  be  too  soft  and  rotten  to  admit  of  (his 
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being  done,  the  best  plan,  if  the  oUff  be  of  any  great  beigbt, 
B  r,  above  the  formation  level,  is  to  bloT  out  the  whole  pieos 
CI  E  p  by  a  large  mine  at  e.  Mining  ehould  not,  as  a  rule, 
be  employed  where  there  is  a  chance  of  the  etrata  being 
blown  out  downwards,  according  to  the  dip ;  for  a  piece 
may  be  bloivn  out,  like  the  shaded  portion.  Fig.  91,  when 


Fig.  S!.— Ho::t  offormstianoIallMdiiithelBceoIa  Clifl. 

mnch  time  and  expense  are  entailed  in  rectifjdng  the 
level. 

The  general  mode  of  attacking  a  vertical  cliff,  and  of 
forming  a  half-tunnel,  is  shown  in  Fig.  92.  The  large 
blasts,  a,  a,  a,  a,  driven  8  feet  in  depth,  at  an  angle  of  45°, 
are  7  feet  3  inches  apart  horizontally,  and  5  feet  vertically. 
The  small  holes  b,  i,  &c.,  3  feet  apart  and  3  feet  deep, 
which  are  not  fired,  serve  to  determine  and  facilitate 
rupture  at  the  proper  leveL     These  blasts,  when  fired, 
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generally  blow  out  or  loosen  a  piece  like  a  b  o  B.     The 
remaining  space,  b  e  f,  is  blown  out  in  the  same  manner.* 

"It  sometimes  happens/'  says  Mr.  Dobson,  "that  ad- 
vantage can  be  taken  of  the  natural  stratification  to  econo- 
mise work  in  a  long  side-cutting.  This  was  done  by  the 
Author  in  the  case  of  a  road  over  Evan's  Pass,  at  Port 
Lyttelton,  New  Zealand.  The  descent  of  the  Pass  was  on 
the  side  of  a  long  volcanic  spur,  formed  by  a  succession  of 
lava  streams,  dipping  at  an  angle  of  1  in  12,  the  lower 
part  of  each  lava  stream  being  hard  volcanic  rock,  whilst 
the  upper  portion  was  soft  and  easily  worked. 

"  The  line  was  originally  set  out  with  a  gradient  of  1  in 
17,  which  would  have  entailed  a  series  of  cuttings  through 
the  hard  rock,  and  retaining-walls  in  front  of  the  softer 
portions.  By  altering  the  gradient,  however,  to  that  of 
the  lava-streams,  a  solid  floor  was  obtained  throiighout, 
the  retaining-walls  were  dispensed  with,  and  the  excava- 
tion was  made  chiefly  in  soft  material.  The  alteration 
effected  considerable  saving  in  time  and  first  cost,  as  well 
as  in  the  cost  of  maintenance."! 

*  These  particulars  are  derived  from  Major  Browne's  paper,  already 
referred  to. 

t  See  Mr.  Dobson's  work  on.  Pioneer  Engineering  for  valuable  infor- 
mation  on  the  tracing  of  road^  in  mountainous  districtii' 
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RESISTANCE  TO  TRAOTION  ON  COMMON  ROADS, 


In  inyestigations  into  the  resistance  to  wheels  on  com- 
mon roads,  it  is  usual  to  construct  a  diagram  showing  a 
wheel  on  a  horizontal  plane  in  contact  with  a  stone,  over 
which  it  is  to  be  pulled ;  and  the  force  required  to  pull  it  over 
the  obstacle  is  calculated.  But  this  is  not  the  kind  of  re- 
sistance worth  investigating,  and  it  certainly  has  no  relation 
to  the  kind  of  resistance  which  is  usually  opposed  to  the 
wheels  of  vehicles  on  inferior  roads.  The  resistance  is 
that  of  a  medium  distributed  over  the  submerged  por- 
tion of  the  circum- 
ference of  the 
wheel,  in  advance 
of  the  perpendic- 
ular line  drawn 
from  the  centre  of 
the  wheel  to  the 
plane  of  the  road. 
y  Let  aoh  (Fig.  93) 


^0W  be   such  a  wheel 

FSg.  93.— Rolling  Easlrtanoe  to  Traction.  drawn      OVer      the 

horizontal  surface  edeot  the  road,  in  the  direction  of;  and 
let  the  road  be  of  such  a  oonsistenoy  that  the  wheel  pene- 
trates to  the  depth  d  h  below  the  surface,  leaving  a  track 
h  g  behind  it.  The  arc  ft  (?  is  the  submerged  portion  of 
the  circumference,  and  it  may  be  assumed  to  be  identical 
with  the  chord  of  the  arc,  h  e.    Now,  the  resistance  is  dis- 

D  D 
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tributed  over  the  surface  h  e,  and  it  may  be  taken  aa  acting 
on  this  surface  perpendicularly  to  the  plane  of  the  road,  or 
vertically  and  directly  opposed  to  the  gross  weight  con- 
sisting of  the  weight  of  the  wheel  and  the  load  upon  it. 
To  simplify  the  investigation,  let  it  be  supposed  that  the 
upper  portion  of  the  road  is  homogeneous,  as  clay  or  sand ; 
then,  the  resistance  to  penetration  is  nothing  at  the  surface, 
and  it  increases  as  the  depth ;  and  the  upward  resistance 
along  the  line  of  submersion  h  c,  ia  a  maximum  at  h  and 
it  vanishes  at  e,  and  the  varying  intensity  of  the  graduated 
pressure  may  be  represented  by  an  isosceles  triangle,  of 
which  the  centre  of  gravity  h,  situated  at  one-third  of  its 
length,  h  A,  from  the  base  h,  is  also  the  centre  of  resistance, 
and  therefore  also  the  centre  of  pressure  under  the  load  ; 
and  the  radial  line  o  Mb  the  resultant  of  the  pressure  of 
the  load,  measured  in  force  and  direction  by  the  vertical  o  i, 
and  the  traction  force,  measured  by  the  horizontal  line  k  %, 
or  0  k.  But  the  vertical  o  i  may  be  taken  as  equal  to  the 
radius  o  h,  and  the  horizontal  h  i  may  be  taken  as  one- 
third  of  the  semichord  of  submersion  e  d\  whence  the 
simple  proportion, — 

liOad  :  tractive  force  iiohxed 

: :  radius  of  wheel :  \  semichord ; 

and  the  resistance  to  traction  is  equal  to  the  product  of 
the  load  by  the  third  of  the  semichord,  divided  by  the 
radius  of  the  wheel. 

But  the  length  of  the  semichord  e  d  may  be  more  easily 
determined  by  calculation  from  the  measured  depth  of 
submersion  d  h.  It  is  equal  to  the  square  root  of  the  pro- 
duct of  the  segments  into  which  the  diameter  ah  ib  divided 
by  the  plane  of  the  road  c  d  e,  or  to  ^a  d  X  d  h;  and  the 
whole  of  the  calculation  is  embraced  by  the  equation, — 

Tractive  force  o  *  =  J  X  ^V^fX^^,  ,^. 
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The  equation  is,  no  doubt,  appHcable,  with  a  sufficient 
degree  of  accuracy,  for  any  real  needs,  for  calculating  the 
resistance  of  gravel,  loose  stones,  soft  earth,  or  clay. 

The  work  done  in  compressing  the  material  of  the  road 
is  easily  indicated  diagrammatically,  by  supposing  the 

wheel  to  advance 
through  a  space 
equal  to  the  semi- 
chord  c  d,  or  the 
length  of  submer- 
sion. Thus,  in 
Kg.  94,  the  wheel 
«  ^  is  supposed  to 
roll  forward  and 
^  to  occupy  the  po- 
sition a'  h\  The 
work  done  in  com- 


mm 

Fig.  94.— Bollmg  Besiatance  to  Traction. 

pressing  the  road  is  proportioned  to  the  four-sided  ^7a 
h  0  ^  l\  comprised  between  the  circumferential  segments 

h  c  and  h'  e' ;  and 


Rg.  96.— RoUing  Resistanoe  to  Traction. 


this  area  is,  by 
the  properties  of 
the  circle,  equal 
to  the  original 
rectangular  area 
hdcV. 

Now,  suppose 
a  wheel  aba. 
Fig.  95,  of  larger 
diameter  with  the 
same  gross  weight, 
to  travel  over  the 
same  surface.    It 


18  Obvious  that,  If  it  could  Bink  to  the  same  depth,  d  I,  as 
that  for  the  smaUer  wheel,  the  length  of  immersion,  d  c. 
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would  be  mcreased,  and  the  rectangle  dhxdo,  representing 
work,  would  be  greater  than  that  performed  by  the  smaller 
wheel  in  the  first  example.  Suoh  a  supposition  cannot  be 
admitted :  the  depth  of  immersion  d  b,  for  the  larger 
wheel,  must  be  less  than  that,  d  h,  for  the  smaller  wheel, 
though  the  length  of  immersion  d  o,  must  be  greater  than 
that,  d  €f  for  the  smaller  wheel ;  but  not  so  much  greater 
as  if  the  wheel  were  sunk  to  the  first  depth  d  h. 

In  fine,  larger  wheels  sink  less,  but  spread  more,  into 
the  surface,  than  smaller  wheels,  in  such  proportion  that 
the  area  of  the  rectangle  representing  work  of  submersion 
is  constant  for  all  sizes  of  wheels.  In  this  instance,  accord- 
ingly, the  rectangle  d  b  X  d  e  =^  the  rectangle  d3  X  d  c. 

It  might  be  thought  that,  on  this  principle  of  the  con- 
stancy of  the  work  of  submersion,  in  a  soft  road,  the  re- 
sistance to  traction  must  be  the  same  for  all  diameters  of 
wheels.  But,  as  the  rectangle  of  work  is  spread  over  a 
longer  space,  d  c,  for  the  larger  wheel,  than  the  space,  d  c, 
for  the  smaller  wheel,  it  follows,  on  the  contrary,  that  the 
resistance  or  force  of  traction  varies  in  some  proportion 
inversely  as  the  diameter,  being  less  as  the  diameter  is 
greater.  This  conclusion  accords  with  experience;  but, 
though  the  actual  law  of  variation  may  not  be  strictly 
deducible  in  the  line  of  reasoning  here  traced,  it  is  never- 
theless useful  to  carry  the  reasoning  to  its  logical  conclu- 
sion. Let  a  and  a  be  the  diameters  respectively  of  the 
smaller  and  the  larger  wheels ;  h  and  b  the  depths  of  im- 
mersion ;  and  c  and  o  the  lengths  of  immersion,  or  d  c  and 
d  0  respectively.  As  already  stated,  the  areas  of  immer- 
sion are  equal  to  each  other ;  or, 

be^szBC,  (2.) 

Also,  the  values  of  c  and  o  are,  by  the  properties  of  the 
circle,  expressible  by  the  products  Vah  and  V ab,  for 
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all  cases  that  need  occur  in  practice ;  and^  by  siibstitntioT] 
in  the  equation  (2), 

b'^al  =  BVaB  ;  (3.) 

and,  squaring  both  sides, 

a  *»  =  A  B».  (4.) 

Finally,  extracting  the  cube  root  of  each  side  of  this 
equation  (4),  the  equation  (5)  is  obtained, 

b'^^z  B  VT,  (6.) 

which  may  be  deyeloped  into  the  proportion,— 

4  :  B  : :  s/T  :    i^T;  (6.) 

showing  that  the  depth  of  immersion  varies  as  the  cube 
root  of  the  diameter.  But,  as  5  (^  =  b  o,  and  I:  b : :  o :  ^, 
theoj 

C  :  c  ; :  a/a  :   v^  (7.) 

showing  that  the  length  of  immersion  is  as  the  cube  root 
of  the  diameter.  It  has  already  been  seen  that  the  force 
of  traction  is  as  the  length  of  immersion ;  therefore, 
finally, — 

The  etrcumferential  or  rolling  remtance  of  wheels  to  traction 
on  a  level  road,  is  inversely  proportional  to  the  cube  root  of  the 
diameter. 

On  this  principle  of  resistance,  it  follows  that,  to  reduce 
the  rolling  resistance  of  a  wheel  to  one-heilf,  for  instance, 
the  diameter  must  be  enlarged  to  eight  times  the  primary 
diameter. 

The  deduction  of  M.  Morin,  mentioned  at  page  51,  that 
the  resistance  varies  simply  in  the  inverse  ratio  of  the 
diameter  of  the  wheel, — so  that,  for  example,  a  wheel  of 
twice  the  diameter  would  only  incur  half  the  resistance, — 
has  been  generally  accepted.  But  this  deduction  is  not 
supported  by  the  foregoing  analysis  of  forces,  and  there  is 
good  reason  for  renouncing  it,  in  the  more  recent  experi^ 
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ments  of  M.  Dupuit.  He  placed  model  wheels  or  rollers 
of  yarious  diameters  at  the  summit  of  an  inclined  plane, 
succeeded  by  a  horizontal  plane,  on  which  they  rolled  down 
by  the  force  of  gravity  and  arrived  at  a  state  of  rest  after 
having  expended  the  energy  acquired  in  falling  through 
the  height  of  the  plane.  From  these  and  other  experi- 
ments he  drew  the  following  deductions : — 

On  macadamised  roads  in  good  condition,  and  on  uni- 
form surfaces  generally, — 

1.  The  resistance  to  traction  is  directly  proportional  to 
the  pressure. 

2.  It  is  independent  of  the  width  of  the  tyre. 

3.  It  is  inversely  as  the  square  root  of  the  diameter. 

4.  It  is  independent  of  the  speed. 

M.  Dupuit  admits  that  on  paved  roads,  which  g^ve  rise 
to  constant  concussion,  the  resistance  increases  with  the 
speed,  whilst  it  is  diminished  by  an  enlargement  of  the 
tyre  up  to  a  certain  limit. 

M.  Debauve*  submits  the  following  data  for  resistance 
of  vehicles  on  common  roads,  in  which  it  may  be  remarked 
that  the  resistances  decrease  in  chronological  order, — 
owing,  no  doubt,  as  he  says,  to  the  progressive  improve- 
ments in  vehicles  and  in  roads.  The  data  are  here  given 
in  English  measures : — 

Itt^On  MetMed  Boa4$  : 

Ptt  oent  Fw  ton. 

Count  Bumford  .        •       .7*7    or  l-13th  of  the  wt. ;   or  172*5  lbs. 

Gordon  .  .  .  .  6*2  or  l-16th  „  „  „  139  lbs. 
Coste  and  Perdonnet  .  .  2*9  or  l-35th  „  „  „  65  lbs. 
Navier         .        .        .        .    2*2    or  l-46th       „      ^,      „    49*3  lbs. 

2nd.--0»  Faved  JRoads  : 

Rumford      .        .        .        .  5*5  or  l-18th  of  the  wt. ;  or  123*2  lbs. 

Navier  (walking  pace) .        .  4*0  or  l-25th       „      „  „    89*6  lbs. 

Do.    (at  a  trot)         .        .  7*1  or  l-14th       „      „  „  1590  lbs. 

Coste  and  Perdonnot    .        .  3*3  or  l-30th       „      „  „    73*9  Iba 

*  Manml  de  VIngmieur  des  Pants  et  Chaussees,  9n«  Fascicule ;  page  31. 
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Tabls  No.  43.— RssieiANCB  to  Tbagtion  on  Common  Koadi. 

(M.  Debauve.) 


1 

Draft,  in  pounds  per  ton 
oi  the  weight. 

Diameter 

Width 

Vehides. 

ol  the 

oithe 

XTniform 

Payed  road. 

wheels. 

tires. 

metal  road, 
at  a  wallE, 

01  at 

at  a  walk. 

at  a  trot 

a  trot. 

feet,    inches. 

inches. 

pomids. 

pomids. 

poonds. 

Cart 

6         0 

2 

72 

47 

63 

( 

6         1 

3 

69 

46 

— . 

Tumbril.       { 

6         2} 

4-4 

67 

39 

— 

1 

6         3 

5-6 

67 

37 

— 

Waggon 

6        5 

6 

65 

40 

— 

Cabriolet 

4       lot 

2 

81 

54 

76 

Jaunting-car  | 

1       4       11 
,       2       10 

2 
2 

81 
81 

67 
67 

83 
83 

Stage-coach 

4       11 
3         1^ 

5.2 
5-2 

65 
65 

36 
36 

45 
45 

M.  Debauve  makes  the  general  deductions  from  thits 
table,  that  the  advantage  of  the  pavement  over  the  metalled 
road  is  considerable  for  waggons,  is  less  for  stage-coaches, 
and  is  nearly  nothing  for  voitures  de  luxe,  or  the  cabriolet 
and  the  jaunting-car.  The  effect  of  the  tabulated  values 
is,  in  summary,  as  follows : — 

RsBISTAirCS  TO  TBACnOK 

On  metalled  roads.        On  payements. 
•    67  lb.  per  ton  38  lb.  per  ton. 

.    671b.     ,,  451b. 


Vehiclxs. 
Waggon 
Stage-coach 


Cabriolet 


811b. 


» 


76  to  83  lb. 


M.  Tresca  tested  the  resistance  of  an  omnibus  on  Loubat's 
system,  adapted  with  wheels  for  running  on  a  common 
road.  The  experiments  were  made  on  an  inclined  street 
in  Paris,  in  good  condition,  having  ascending  gradients  of 
1  in  55,  one  part  of  which  was  paved,  and  another  part 
was  macadamised.  The  frictional  resistance,  af*ter  the 
gravitation  on  the  incline  was  eliminated,  was  8jb  follows : — 
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P.XPBRIMENTS  AT  BEDFORD. 


BUBFAOB. 

Payement 


Metfooal 
Gkmb  wmght.  Bpeed.  lesiotence. 

Tons.       Miles  per  hutar.     Lbs.  per  ton. 

.     6-67  10-7  83 

.    6-67  10-1  66 


The  resistance  to  traction,  of  agricultural  carts  and 
waggons,  was  tested  at  Bedford  in  July,  1874,  by  means 
of  a  new  horse-dynamometer  designed  by  Messrs.  Eastons 
and  Anderson.*  The  first  course  was  a  piece  of  hard  road 
rising  1  in  430 ;  it  was  dry  and  in  fair  condition,  largely 
made  of  gravel.  The  surface  was,  in  many  places,  some- 
what loose.  The  second  course  was  along  an  arable  field, 
growing  oats,  on  a  rising  gpradient  of  1  in  1,000 ;  it  was 
very  dry,  and  was  harder  than  in  average  condition.  The 
fore  wheels  of  the  waggons  averaged  S  feet  3  inches,  and 
the  hind  wheels  4  feet  9  inches  in  diameter ;  the  width  of 
the  tyres  was  from  2i  to  4  inches.  The  weight,  empiy, 
averaged  about  a  ton,  and  it  was  nearly  equally  divided 
between  the  fore  and  hind  wheels.  The  cart  wheels  were, 
say,  4  feet  6  inches  high,  with  tyres  3^  and  4  inches  wide. 
The  weight  of  the  empty  carts  averaged  10  cwt.  The  loads 
were  from  2  to  4  tons  in  a  waggon,  and  1  ton  in  a  cart. 
The  following  results  are  deduced  from  the  given  data ; 
the  speeds  averaging  2^  miles  per  hour :  f — 


Vbhmlii. 

Draft  on  road. 

Draft  on  field. 

Total. 

Beduced 
toaleyd. 

Total. 

Be^noed 
to  a  level. 

Perton, 

Per  ton, 

■ 

groas. 

gross. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pair-horse  waggon  without 

spnngs     .... 

159 

43-6 

700 

210 

2  pair-horse  waggons  with- 

out springs 

251 

44.6 

997 

194 

Pair-horse     waggon     with 

springs     .... 

133 

34-7 

710 

210 

1-horse  cart,  without  springs 

49-4 

28 

212 

140 

*  See  a  report  of  the  trials  in  Engineering^  July  10,  1874,  page  23. 
t  See  Manual  of  RuUe,  Tabka^  and  Data  for  Mechanical  Engineers, 
1877,  page  962.  .   ^ 
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The  results  of  Sir  Jolm  Maoneil's  experiments  on  the 
tractiye  force  required  to  draw  a  waggon  on  various  kinds 
of  road  has  already  been  given,  page  52.  He  made 
other  experiments  on  the  traction  of  a  stage-coach  on  a 
section  of  the  Holyhead  Eoad.  The  weight  of  the  coach 
empty  was  18  cwt. ;  and  the  weight  of  seven  passengers 
in  addition,  allowing  1^  cwt.  for  each  passenger,  was 
10 J  cwt. ;  total  weight,  28^  cwt.  The  first  part  of  the 
following  table  has  been  arranged  for  various  gradients 
and  various  speeds,  from  the  statement  calculated  by  the 
experimenter.  The  second  part  of  the  table  is  added  to 
show  the  net  fictional  resistance  after  the  elimination  of 
the  resistance  of  gravity : — 


Tablb  No.  44. — Tkaotiyb  Foecb  bbquibed  to  Draw  a  Staqb- 
COACH : — Gboss  wbioht  1*42  Tons. 


1 

1 
Total  tanotiTie  foroe  required. 

Net  frictional  resistanee 
per  ton. 

OnAnntiT". 

1 

Speed  in  miles  per  hour. 

Speed  in  miles  per  hour. 

! 

6 

8 

10 

6 

8 

10 

i 

Ibe. 

lbs. 

lbs. 

lbs. 

lbs. 

Ibe. 

lin    20       . 

268 

296 

318 

76 

96 

112 

lin    26       . 

213 

219 

225 

63 

68 

72 

lin    30       . 

165 

196 

200 

41 

63 

66 

lin    40 

160 

166 

172 

56 

61 

65 

1  in  COO       . 

HI 

120 

128 

72 

78 

81 

Averages     . 

— 

— 

— 

62 

73 

79 

The  net  frictional  resistances  at  equal  speeds,  vary  very 
much  for  different  gradients,  by  some  unexplained  cause. 
They  are  a  maximum  for  the  steepest  gradient,  and  a 
minimum  for  gradients  of  1  in  30  and  1  in  40 ;  for  these 
they  are  less  than  for  1  in  600,  which  is  nearly  a  level. 
The  mode  of  action  of  the  horses  upon  the  carriage  may 
have  been  an  influential  element.    The  averages  show : — 
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FORMULA   FOR  KSSI8TANCE. 


Fob  a  Staob  Coach: — 

At   6  miles  per  hour,  62  lbs.  per  ton  Motional  reajatanoe. 
At    8        „        „        73  lbs. 
At  10        ..        ..         791b6. 


tt 


n 


99 


)> 


»» 


With  these  may  be  associated,  for  the  purpose  of  deducing 
a  formula^  the  resistance  of  a  waggon  on  a  good  road, 
given  at  page  52,  at,  say,  2^  miles  per  hour,  44  lbs.  "per 
ton,  Mctional  resistance.  Plotting  the  resistances  per 
ton  for  the  above  four  speeds,  the  following  formula  is 
deduced : — 

Urietional  Sesistance  to  Traetion  of  a  Stage-eoaeh, 
R  =  30  +  4i>  +  ^/\Sv, 

B  =  the  frictions!  resistance  to  traction  per  ton. 
V  =  the  speed  in  miles  per  hour. 

NoTB. — The  formula  is  applicable  for  waggons  at  low  speed.  Thia 
formula  is  simpler  than  the  formulas  deduced  by  Sir  John  Macneil, 
page  63,  and  it  is  equally  approximate  and  comprehensiye. 

M.  Chari6-Marsaines  made  observations  of  a  general 
character  on  the  performance  of  Flemish  horses  drawing 
loads  upon  the  paved  and  the  macadamised  roads  in  the 
north  of  France,  where  the  country  is  flat,  and  the  loads 
are  considerable.  The  results  of  his  observations,  pub- 
lished by  M.  Debauve,  are  here  given  in  English  measures, 
in  Table  No.  45. 

Tablb  No.  46. — Pebfobmancb  of  Hobsbs  on  Roads  in  Fbanob. 

(M.  GhariS-Marsaines.) 


Season  of 
the  year. 

Description 
of  road. 

Weight 
per  hone* 

Speed  in 

miles  per 

hour. 

Work 

done  per 

hour,  in 

tons 

drawn  one 

mile. 

Ratio  of  pared 

road  to 

macadamised 

road. 

Winter  | 
Summer  j 

Payement . 
Macadam  . 
Pavement . 
Macadam  . 

Tods. 
1-306 
•861 
1-396 
1141 

Mfles. 
2-06 
1-91 
2-16 
2-16 

Ton-mfles. 
2-677 
1-626 
3027 
2-464 

1    1-644  to  1 
1   1-229  to  1 

' 
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The  table  shows  that  there  is  a  clear  inferiority  of  per- 
formance in  summer ;  and  that  the  pavement  is  superior, 
even  in  winter,  to  the  macadam  in  summer — 


Payement)  summer 

,)  winter 

Macadam,  summer 
winter 


ft 


Ratio. 

3*027  tons  drawn  one  mile,  1*86 
2*677        „  „  1-65 

2*464        „  „  1*52 

1*625         ,.  ,.  100 


>> 


The  average  daily  work  of  a  Flemish  horse  in  the  north 
of  France  is,  on  the  same  authority,  equivalent  to  21*82 
tons  drawn  one  mile,  in  winter ;  and  to  27*28  tons  drawn 
one  mile,  in  summer ;  giving  a  mean  for  the  year,  of,  say, 
25  tons  drawn  one  mile.  The  horses  are  powerful,  and 
the  roads  are  easy. 

M.  Charie-Mttrsaines  observed  that  the  harness  lasted 
six  years,  over  pavement ;  and  only  five  years  over  ma- 
cadeim.  Also,  that  the  waggons  lasted  7  years  on  the 
pavement,  and  9  years  on  the  macadam  :  whilst  the  horses 
lasted  much  less  time  on  the  macadam  than  on  the  pave- 
ment. The  greater  mortality  on  the  macadam  is  ascribed  to 
the  inhaling  of  the  fine  silicious  dust  which  rises  from  it. 

It  is  stated  by  Mr.  D.  K.  Clark,*  that  a  good  horse  can 
draw  a  load  of  1  ton  at  2  J  miles  per  hour,  for  from  10  to  12 
hours  a  day ;  equivalent  to(l  X  ^i  X  10=)  25  ton-miles 
per  day.  This  is  the  same  performance  as  is  above  given 
by  M.  Charie-Mai'saines. 

Table  46*.  MEANViXtmsov  Co-bffioibnts  of  T&AonoK.  Miehelin  (1897). 


Nature  of  surface. 

Speed  per  hour. 

Descrtptiott  of  iytes. 

Iron. 

Solid 
rubber. 

Pneu- 
matic. 

Good  Maeadam,  hard,  | 
dry,  and  dusty.           l 

Good  ICaoadam,  hard,  i 

slightly  muddy. 
Good  Macadam,  very  wet 
Old  Maoadam,  slightly 

lumpy. 

11-700  m.  (head  wind) 
11*700  m.  (wind  in  rear) 
19*700 m.  (headwind) 
19*700  m.  (wind  in  rear) 
11-000  m.            „ 
20*000  m.           „ 
21*000  m.           „ 

22*000  m.           „ 

0*0272 
0*0258 
00844 
0*0276 
0*0274 
O0B99 
00466 

0-08S8 

0*0245 
0*0228 
0*0299 
0-0262 
0*0265 
0*0856 
00426 

0*0280 

0666660  6 

Manual  ofRuUty  Tables,  and  Data  for  Mechanical  Engineers,  1877. 
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APPENDIX  I, 
ON   ROLLING   NEW-MADE   EOADS. 

By  G-ensral  Sib  John  F.  Burootne,  Bart. 

[Thia  paper,  written  in  1848^  plnable  now,  and  ia  here  reprodnoed  ftam  ilia 

fbnitfa  Edinon  of  the  preeent  work.] 

Thb  imporicmce  of  rolling  roads,  either  newly  constructed  or  when 
sabjected  to  extensiye  repairs,  seems  never  to  have  been  duly  appre- 
ciated. 

lines  of  any  length  of  new-laid  broken  stone  maybe  deemed  nearly 
impracticable  to  ordinary  traffic ;  the  worst  and  most  hilly  old  roads 
are  always  taken  in  preference  to  the  new  roads  while  in  that  state, 
although  the  latter  may  be  much  shorter,  and  with  very  improved 
levels. 

At  leng^  the  old  road  is  shut  up,  carriages  are  forced  to  take  the 
new,  occasioning  the  greatest  inconvenience  and  drawback  to  the  in- 
tercourse for  perhaps  a  year  or  more,  a  great  wear  and  waste  of  the 
material,  and  a  considerable  expenditure  in  watching  and  maintenance, 
until  the  material,  or  what  remains  of  it,  shall  be  finally  consolidated, 
and  even  then  in  a  very  imperfect  form,  unless  great  pains  are  taken 
with  it. 

The  rolling  is,  in  fact,  effected,  but  in  the  most  distressing  and 
expensive  manner,  and  by  carriages  and  horses  very  ill  adapted  to  it. 

These  evils  may  be  entirely  prevented,  the  road  put  at  once  into 
good  working  condition,  and,  certainly,  a  considerable  expense  even- 
tually saved,  by  thorough  systematic  rolling ;  nor  ought  any  road  to 
be  considered  as  made  imtil  that  operation  shall  be  completely  effected. 

Three  reasons  have  probably  operated  to  prevent  this  prindple 
having  been  acknowledged  and  acted  upon. 
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1 .  Because  the  traffic  on  the  road  will,  sooner  or  later,  do  the 
work,  thereby  apparently  reducing,  in  a  small  degree,  the  cost  of 
the  original  construction  or  repair. 

2.  Because  a  roller  is  not  usually  at  hand,  and,  from  its  weight 
and  unmanageable  character,  it  is  most  inconyenient  and  expon- 
tvre  to  be  removed  from  one  place  to  another,  so  that  in  most 
oBses  one  would  have  to  be  constructed  for  the  purpose,  and  then 
be  useless. 

3.  Much  imcertainty,  as  yet,  as  to  the  best  manner  of  operating, 
its  efficacy,  and  the  expense. 

The  first  reason  is  founded  completely  on  error ;  it  is  manifest  that 
this  manner  of  completing  the  road  by  the  traffic  is  most  inconyenient, 
and  occasions  enormous  sacrifices  by  the  parties  using  the  road,  and 
consequently  a  great  loss  to  the  public  in  general ;  nor  can  there  be  a 
doubt  but  that  the  actual  expenditure  on  the  audsequent  etfrly  maintenance 
of  the  road  itself  is  greater  than  would  be  incurred  by  at  once  operating 
thoroughly  with  the  roller. 

With  regard  to  the  second  reason,  there  are  many  ways  in  which 
the  objection  can  be  greatly  alleviated. 

Although  there  is  some  justice  in  the  third,  and  that  the  most  per- 
fect mode  of  proceeding  is  not  yet  perhaps  understood,  there  is  so 
much  useful  effect  to  be  produced  by  any,  that  it  is  surprising  that  it 
has  not  been  reduced  to  just  principles  by  experiment,  and  generally 
adopted. 

The  practice  of  rolling  has  been  rare,  and  almost  entirely  confined 
to  gentlemen's  demesnes^  and  occasionally  to  the  macadamised  road- 
ways in  some  cities ;  but  in  the  latter,  it  is  believed,  without  the  appli- 
cation of  sufficient  means  for  the  purpose. 

There  are  certain  considerations  which  may  serve  as  guides  to  arrive 
at  just  conclusions  with  regard  to  this  proceeding. 

1.  A  roller  should  not  be  too  heavy  in  proportion  to  its  bearing 
surface,  or,  instead  of  binding  the  material  in  the  position  and 
form  laid  down  and  desired,  it  will  press  it  more  or  less  into  the 
substratum ;  much  of  the  material  will  thus  become  useless,  and 
it  will  be  very  troublesome  to  obtain  the  necessary  resistance  for 
the  consolidation. 

2.  It  must  not  be  too  light,  or  the  effect  will  be  too  small  ever 
to  gain  the  object  fully ;  or  at  any  rate  without  an  extent  of 
operation  that  would  be  very  costiy  or  inconvenient. 

It  is  believed  that  the  ordinary  rollers  are  too  light,  which  may 
have  thrown  the  practice  into  disrepute. 

For  the  Dublin  sti*eets  they  have  a  roller  of  two  contiguous 
cylinders,  each  of  4  feet  diameter,  and  1  foot  6  inches  in  widths 
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making  in  all  a  bearing  of  3  feet ;  it  weighs  2  tons  3  cwt  ;  only 
two  horses  are  attached  to  it,  but  the  work  is  exceedingly  heavy. 
It  is  applied  to  successive  layers  of  material,  in  new  formations, 
and  about  an  inch  of  gravel  is  worked  into  the  upper  layer  or 
surface.  It  is  said  to  consolidate  the  roadway  very  effectuallyf 
but  might  probably  be  improved  by  adding  to  its  weight.* 

From  other  recorded  trials,  however,  there  is  reason  to  believe, 
that  a  road  roller  should  not  be  lighter  than  28  cwi.  for  every 
12  inches  lineal  uf  bearing  on  the  road;  that  is,  if  4  feet  wide, 
that  it  should  weigh  5  tons  12  cwt. ;  if  3  feet,  4  tons  4  cwt.,  &c. ; 
and  that  it  should  only  be  applied  to  the  upper  surface  of  all. 

A  roller  somewhat  heavier  than  28  cwt.  per  foot  would  be  moro 
e£fective,  but  it  is  better  after  that  limit  to  gain  the  object  rather 
by  adding  to  the  number  of  times  passing  over  the  surface  than 
incur  the  inconveniences  of  the  heavier  machinery. 

This  is  one  very  interesting  point  to  prove,  namely,  the  relative 
effects  of  light  and  heavy  rollers,  taking  into  account  the  number 
of  turns  required  by  each. 

3.  For  effect,  the  wider  a  roUer  can  be,  the  better,  because  the 
operation  will  be  more  quickly  performed,  and  because,  in  pro- 
portion as  it  is  narrow,  will  there  be  a  tendency  to  force  the 
broken  stone  laterally  from  under  its  action ;  but,  as  the  weight 
must  be  in  proportion  to  its  bearing  surface,  the  width  must  be 
limited  to  a  degree  that  will  prevent  that  weight  being  too  un- 
wieldy ;  a  very  narrow  roller  might  also  have  a  tendency  to  over- 
turn. On  the  other  hand,  one  that  is  very  wide  may  take  up  toe 
much  room,  if  the  road  is  open  to  traffic  during  the  time  of  its  use. 

4.  Horses  should  not  be  obliged  to  use  very  great  exertions  in 
drawing  a  roller,  or  the  ^tion  of  their  feet  will  discompose  the 
loose  stones  very  inconveniently;  therefore,  as  the  draught  is 
very  heavy  at  first,  and  never  very  light  up  to  the  last  of  the 
operation,  they  should  not  have  more  than  from  ten  to  twelve 
cwt.  each  to  draw  at  first,  nor  so  much  as  a  ton  each  at  last. 

5.  It  would  be  desirable  not  to  put  more  than  four  horses  to 
such  a  machine,  because,  as  the  number  of  horses  is  multiplied, 
it  becomes  more  difficult  to  obtain  a  perfectly  united  effort  from 
them ;  but  on  the  above  data  a  roller  of  four  tons  maximum  weight 
might  be  too  small  for  the  best  service,  and  as  six  horses  may  per- 
haps be  applied  without  mttch  inconvenience,  it  is  proposed  to  give 
that  number  as  a  limit,  and  to  allow  5  tons  12  cwt.  as  the  maximum 
weight  for  the  roller ;  this,  at  28  cwt.  per  foot  of  bearing,  would 
give  it  a  width  of  four  feet. 

*  A  short  street  (Herbert  Street),  made  in  1888,  and  then  well  rolled,  has  never 
required  repair  or  new  material  since,  up  to  1843;  it  ifl  a  good  street,  bat  not 
murelj  briilt  on,  nor  a  great  IhoroughfEtre. 
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From  the  Continent  we  have  records  of  several  trills  that  have  been 
made  of  late  years  of  the  e£fect  of  rolling  new-laid  material  on  roads ; 
although  there  are  discrepancies  in  some  of  the  particulars,  there  are 
many  in  which  all  agree ;  and  in  all  the  practice  has  been  strongly 
recommended. 

The  one  that  seems  to  be  the  most  practical  is  a  roller  described  as 
first  used  in  the  Prussian  provinces  on  the  Bhine,  and  from  thence 
introduced  with  some  modification  into  a  neighbouring  district  in 
France. 

It  consists  of  a  cylinder  of  cast  iron  of  about  4  feet  3  J  inches  wide 
and  4  feet  3  J  inches  diameter.*  On  the  axle  by  means  of  iron 
stanchions  is  fixed  a  large  wooden  case  of  6  feet  4}  inches  long,  6  feet 
8^  inches  wide,  and  1  foot  8  inches  high,  open  at  top. 

This  roller  has  a  pole  before  and  behind,  in  order  to  be  able  to  draw 
it  in  either  direction  without  turning ;  the  hind  pole  is  sometimes  used 
to  assist  in  guiding  it.  It  has  also  a  drag,  by  the  pressure  of  a  board 
on  its  face,  in  the  manner  used  for  French  waggons. 

The  cylinder  and  other  iron  work  weighs  nearly  2  tons ;  the  case 
and  woodwork  about  19  cwt.,  making  the  whole  2  tons  19  cwt. 

The  case  wiU  contain  a  weight  of  stone  of  2  tons  19  cwt.  when  com- 
pletely loaded;  therefore  the  entire  weight  can  be  brought  up  to 
a  tons  18  cwt. 

Six  atr&rtff  horses  worked  it  well. 

It  is  passed  over  the  entire  surface  of  the  road  once  or  twice  without 
any  loading,  weighing  consequently  nearly  three  tons,  to  obtain  a  first 
settlement  of  the  loose  material ;  then  one  or  two  turns  with  about  1^ 
tons  loading,  making  4^  tons ;  and  then  the  last  turns,  making  ten  in 
all,  with  the  full  loading,  when  it  becomes  5  tons  18  cwt. 

Traversing  12  miles,  it  will  thus  completely  roll  about  3,000  square 
yards  t  in  one  day,  or  about  a  quarter  of  a  mile  of  a  road  of  21  feet 
width. 

All  accounts  agree  as  to  the  absolute  necessity,  and  the  best  manner 
of  applying  some  gravel,  or  other  sharp,  gritty,  very  fine  stuff  on  the 
surface,  during  the  operation,  without  which  it  will  not  be  thoroughly 
bound. 

The  consolidation  commences  with  the  lower  part,  which  is  the  first 
to  get  fixed  and  arranged ;  and  when,  after  about  six  turns  over  the 
whole,  the  upper  layers  have  become  tolerably  firm  and  well  bedded, 
some  sand  or  stone-dust,  or,  what  is  best  of  all,  sharp  gravel,  is  very 
lightly  sprinkled  over  it  by  degrees  at  every  succesirive  rolling,  aoleli/ 

*  These  and  other  dimensions  are  necessarily  in  odd  nnmbeis,  owing  to  redudng 
them  from  French  measures  and  weights. 

i  Some  of  the  calculations  are  not  strictly  in  accordance  with  the  data,  because 
the  data  themselves  are  not  given  in  minute  firactional  parts,  and  consequently 
the  reduction  of  the  results  will  show  a  difference ;  but  it  is  TCory  small  and  of  no 
•onMque&oe  in  a  general  oooaideration  of  the  matter. 
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for  the  purpose  of  filing  up  the  interstices  of  the  broken  stone,  and  not 
to  cover  it ;  about  3  cubic  yards  in  the  whole  per  100  square  yards 
(equal  to  about  an  inch  in  thickness  if  spread  over  the  whole  sui&oe) 
will  be  required.  It  is  essential  that  this  small  stuff  be  not  applied 
sarlier,  or  it  will  get  to  the  lower  strata,  and  not  only  be  wasted  but 
injurious ;  the  object  is  that  it  should  penetrate  for  two  or  three  inches 
only,  to  help  to  bind  the  surface. 

Provided  the  upper  interstices  are  filled,  the  less  g^vel  used  the 
better ;  therefore  it  is  applied  by  little  and  little  after  each  of  the  three 
or  four  last  successiye  passages  of  the  roller,  and  then  only  oyer  the 
places  where  there  are  open  joints. 

After  the  work,  if  well  done,  is  completed,  it  is  stated  tiiat  such  is 
the  efiect,  that  the  upper  crust  may  be  raised  in  cakes  of  six  or  seven 
iquare  feet  at  a  time,  which  could  never  be  without  the  gravel. 

'ilie  effect  may  beimproved  also  by  having  the  upper  inch  or  two 
of  stone  finer  than  the  rest,  say  to  pass  a  ring  of  1^  iilch  or  1^  inch. 

This  work  should  be  done  in  wet  weather,  or  the  material  will 
require  to  be  profusely  watered  artificially. 

It  will  be  better  that  it  should  not  absolutely  rain,  unless  very  lightly, 
when  the  gravel  is  applied  (although  the  stoning  should  be  wet),  as  it 
will  cause  it  to  adhere  to  the  roller,  and  even  at  times  to  bring  up  the 
broken  stone  with  it.  In  frost  it  is  of  no  use  attempting  to  roU.  The 
state  of  the  material,  as  regards  its  being  wet  or  dry,  will  have  great 
influence  in  the  success  of  the  operation. 

The  form  of  the  road  will  be  best  preserved  by  rolling  from  the  two 
sides  towards  the  middle,  and  not  commencing  along  the  latter. 

The  calculated  expense  of  the  work  in  France  was — 

For  six  horses  and  two  drivers  per  day      .£140 

Far  SIX  labooxers  attending  on  the  read, 
asaistmg  u  t  the  roller.  levelUng  inequali- 
ties, spreading  gravel,  fto.        .       .       .070 

Totid  for  8,000  square  yards  •       •    £1  11    0 

Being  about  one  penny  for  eight  square  yards,  or  one  penny  per 
running  yard  of  road,  twenty-four  feet  wide,  and  will  amount  to  about 
£7  5s,  per  mile. 

For  Ireland,  these  prices  would  have  to  be  increased,  thus — 

For  six  horses,  with  drivers,  per  day  •       .£170 
Por  six  iabonrers,  at  Is.  4d.         .       .       .080 


£1  15    0 


It  is  considered  that  a  modification  would  be  desirable  in  this  f  ormgn 
roller,  by  making  it  only  four  feet  wide ;  its  weight  might  then  be, 
with  its  box  for  the  additional  loading,  &c.,  about  2J  tons,  which  with 
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an  exlTa  loading  of  2  tons  2  cwt.  would  bring  it  to  5  tons  12  CMt.  for 
its  extreme  weight,  at  28  cwt.  per  foot. 

Such  a  roller  passing  ten  times  over  every  part,  and  working  twelve 
miles  per  day,  would  require  five  days,  and  the  operation  costs  about 
£8  16*.  per  mile  of  road,  of  twenty-four  feet  wide  completed. 

The  gravel  ought  to  be  considered  as  material,  but  in  this  case  it  is 
an  addition  to  what  would  otherwise  be  applied;  the  cost  therefore 
must  be  added. 

Suppose  it  to  amount  to  one  shilling  per  cube  yard,  the  expense,  at 
tliirty-six  square  yards  per  cube  yard  of  gravel  will  be  about  £19  5s. 
per  mile  of  road  of  twenty-four  feet  wide. 

This  would  bring  the  whole  to  an  amount  of  £28  per  mile. 

However  perfect  the  rolling  may  be»  there  will  be  at  the  end  a  slight 
elasticity  and  yielding  of  the  surface,  which  will  only  become  quite 
firm  and  hard  after  some  days'  traffic,  say  from  six  to  ten  when  tole- 
rably frequented,  during  which  its  form  and  smoothness  must  be  care- 
fully attended  to ;  add,  therefore,  £2  per  mile  for  that  extra  work,  and 
the  cost  will  be  £30  per  mile. 

The  expense  of  the  operation  of  the  rollor  (independent  of  the 
gravel)  is  so  small,  that  if  the  weight  is  under-estimated,  so  that  the 
width  of  the  roller  should  require  to  be  reduced  to  three  feet,  thus 
adding  one-fourth  to  that  part  of  the  outlay,  or  that  it  would  require 
to  be  passed  a  greater  number  of  times  more  than  calculated,  that 
increase  would  not  be  of  essential  importance  on  the  gross  amount. 

If  artificial  watering  should  be  necessary,  that  expense  also  must  be 
added,  but  it  would  be  small. 

The  subsequent  wear  of  material,  under  proper  care,  will  be  most 
trifling ;  one  French  engineer  states,  that  where  the  rolling  in  this 
manner  has  been  successfully  performed,  there  has  never  been  a 
necessity  for  applying  above  one  cubic  yard  of  broken  stone  per  300 
square  yards  of  road  in  the  next  year ;  that  in  one  instance  only  one 
cubic  yard  per  1,500  square  yards  was  used,  although  on  a  road  subject 
to  the  passage  of  400  horses  in  draft  per  day ;  and  on  another  road  no 
fresh  stone  was  laid  for  three  years. 

To  make  a  more  direct  comparison,  however,  of  expense,  it  may  be 
assumed  that  a  much  greater  diminution  of  thickness  will  take  place  in 
the  consolidation  by  the  traffic  than  if  effected  at  once  by  the  rolling, 
because  the  narrow  wheels  of  ordinary  carriages  penetrate  into  the 
loose  matter,  and  force  the  lower  part  of  it  partially  into  the  subsoil. 
llie  displacement  and  grinding  and  crushing  is  also  very  great, 
whereas,  in  rolling,  the  entire  is  preserved' and  in  its  proper  place ;  it 
may  therefore  not  be  too  much  to  estimate,  that  if  it  require  ten  inches 
of  loose  material  to  bind  into  six  inches  by  the  ordinary  process,  as  it 
probably  would,  eight  inches  well  rolled  would  give  the  same ;  if  so, 
the  saving  at  once  would  be  very  great ;  thus,  suppos3  the  covering  of 

£  B 


418  APPENDICES. 

<me  inch  of  stone  to  cort  as  much  as  two  inches  of  g;ravel,  that  is,  ii  tK6 
gravel  is  Yalu3d  as  aboTe,  at  1«.  per  cubic  yard,  that  the  stone  be 
valued  at  29.,  then  we  have  four  times  the  cost  of  the  gravel,  which 
was  stated  to  be  £20  per  mile,  or  £80,  to  set  against  the  £30,  estimated 
expense  of  rolling. 

If  the  rolling  effected  a  saving  of  only  one  inch  of  the  broken  stone, 
still  the  cost  of  that  one  inch  would  exceed  that  of  the  rolling,  including 
the  gravel. 

This  last  calculation  is  given  only  as  a  proof  of  the  saving,  and  not 
as  recommending  the  reduction  of  the  mass  of  material  laid  down  to  a 
minimum;  on  the  contrary,  as  the  rolling  of  the  surface  is  a  final 
measure,  and  requires  no  renewal  until  the  road  is  worn  to  a  minimum 
thickness,  the  most  economical  plan  probably  would  be  to  apply  a  con- 
siderable degree  of  substance  at  once,  enough  to  last  some  years,  so  as 
to  reduce  the  number  of  periods  when  rolling  would  be  necessary. 

A  roller,  on  what  is  here  assumed  to  be  the  best  oonstmction» 
namely,  of  4  feet  bearing  in  one  cylinder,  and  weighing  2^  tons,  would 
not  be  very  convenient  to  move  from  place  to  place  for  any  consider- 
able distances ;  an  idea  was  therefore  suggested  of  constructing  one  aa 
a  cart,  on  two  wheels,  the  tires  of  which  might  be  of  9,  or  12,  or  18 
inches  in  width.  Such  a  machine  would  weigh  from  one  to  two  tons. 
The  axle  might  be  bent,  and  under  the  body,  or  might  be  straight, 
and  pass  through  it,  so  that  the  loading  of  two  or  three  tons  might  lie 
very  low.  The  distance  between  the  wheels  should  be  a  certain  number 
of  times  the  width  of  the  tires ;  namely,  if  the  latter  are  9  inches,  the 
distance  asunder  might  be  3  feet,  or  3  feet  9  inches;  if  12  inches,  they 
might  be  3  or  4  feet ;  and  if  18  inches,  3  feet. 

Such  a  roller  might  be  very  convenient  in  many  respects,  but  would 
be  subject  to  two  objections  : 

1st,  The  tendency  to  force  the  material  laterally  from  under  its 
pressure,  by  the  little  width  of  each  roller. 

2nd,  The  impossibility  by  successive  passages  of  giving  every 
part  of  the  road  precisely  the  same  amount  of  rolling;  some 
parts  must  have  more  turns  than  others. 

In  some  few  situations  the  very  formation  of  the  road  may  be  made 
subservient  to  its  rolling. 

In  the  construction  of  a  new  road  over  the  Carey  mountain,  in  the 
County  of  Antrim,  material  for  stoning  the  road  was  quarried  in  several 
parts  of  the  mountain  up  to  its  summit. 

Some  carts  were  made  with  wheels  of  four-inch  tires,  and  the 
laying  of  the  broken  stone  being  commenced  close  to  the  quarry,  the 
work  was  carried  on  from  each  quarry  down  hill,  the  loaded  carts 
being  taken  over  the  new*laid  material,  working  systematically  over 
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the  entire  widtli  of  the  road,  and  discliarged  below,  returning  up  the 
hill  Hght.  By  the  time  the  work  was  completed  the  road  had  acquired 
in  this  way  a  considerable  degree  of  consolidation  without  extra  labour. 

A  roller  of  the  weight  of  five  or  six  tons  may  be  worked  up  inclines 
of  one  in  twenty  by  increasing  the  number  of  horses,  but  not  steeper ; 
if  at  all  exceeding  one  in  thirty  it  would  probably  be  better  to  apply 
the  roller  in  its  lightest  state,  and  increase  the  number  of  passages. 

It  is  very  desirable  to  complete  rapidly  what  is  once  beg^n,  but  it  is 
attended  with  the  disadvantage  of  taking  up  short  lengths  at  a  time^ 
which  leads  to  the  occasion  for  turning  the  roller  very  frequently,  a 
manoeuvre  that  is  particularly  inconvenient. 

Although  certain  dimensions  and  weights  are  suggested  to  be  likely 
to  prove  the  most  efficient,  any  other  kinds  that  happen  to  be  in  pos- 
session might  be  tried  and  adapted  to  the  above  principles,  which  will 
usually  require  weight  to  be  added  with  the  successive  rollings ;  this 
may  be  done  in  various  ways  according  to  circumstances  and  situa- 
tions ;  the  most  simple,  but  most  cumbrous  and  troublesome  of  appli- 
cation, will  be  a  large  case  on  the  roller  for  loading  with  stone. 

In  or  near  towns,  iron  weights  might  be  used  instead  of  stone,  partly 
on  or  suspended  to  the  axle,  within  the  cylinder,  or  in  a  case  outside, 
which  might  be  then  much  smaller,  and  the  weight  be  more  compact 
and  more  easily  shifted ;  or  for  use  in  a  town,  when  the  most  efficient 
dimensions  and  weights  were  ascertained,  rollers  might  be  prepared  of 
two  or  three  qualities,  that  is,  all  of  the  same  extent  of  bearing,  but  of 
cylinders  of  different  weights,  from  the  lightest  to  the  heaviest,  and 
Inrought  in  succession  on  to  tho  work. 


•-*• 
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APPENDIX  n. 

Extracts  from  "Report  on  the  Economy  of  Boad- 
Maintenance  and  Horse-Draft  through  Steam 
Road-Rolling,  .  with  Special  Reference  to  thk 
Metropolis." 

(Printed  by  Order  of  the  Metropolitan  Board  ot  Works.) 
Bt  Frederick  A.  Paget,  O.E.     1870. 

THE  SPECIAL  SUITABLENESS  OF  ROAD-ROLLING  TO  A 

MOIST  CLIMATE. 

There  is  a  point  much  in  favour  of  an  extended  use  of  road-rolUng 
in  London  and  England  generally ;  maldng  it  probable  that  thei*e 
is  no  other  country  in  the  world  from  which  such  good  effects  are 
to  be  expected  from  steam  road-roUing.  The  climate  of  England,  from 
its  humidity — and  the  best  judges,  Macadam  amongst  others,  consider 
the  presence  of  moisture  as  extremely  favourable  to  road-making — 
and  its  freedom  from  either  long  frosts  or  long  droughts,  is  peculiarly 
favourable  to  the  employment  of  rolling.  In  France  and  Prussia  the 
rollers  are  used  by  preference  in  rainy  weather,  in  order  to  save  water- 
ing, as  wet  is  essential  for  consolidating  the  metaL  From  want  of 
experience  m  road-rolling  some  English  surveyors  object  to  the  appli- 
cation of  sand,  which  it  is  necessary  to  use — of  course  in  not  too  large 
quantities — ^with  rolling,  in  order  to  prevent  the  crushing  of  the  metal. 
Upon  the  Holyhead  roads,  consolidated  in  the  ordinary  way,  Telford 
always  applied  clean  gravel  to  the  new  metal ;  and  this  is  now  done  in 
France,  Prussia,  and  on  all  roads  where  road-roUing  is  understood  and 
practised.  The  binding  of  rolled  roads  in  Prussia  by  means  of  the 
sandy  is  so  strong  that  united  blocks  18  inches  wide  can  often  be 
removed. 

According  to  the  official  Hanoverian  **  special  instructions  "  on  road- 
rolling,  when  rolling  the  covering  of  the  road,  the  binding  or  sand  is 
only  to  be  applied  by  the  time  that  about  two-thirds  of  the  operation 
is  completed.  The  amount  of  sand  must  be  only  about  one-sixth  of 
that  of  the  metalling.  The  watering  should  be  very  carefully  carried 
out,  so  that  the  bottoming  be  softened  as  little  as  possible. 

THE  APPLICATION  OF  THE  STEAM  ROLLER  TO  THE 
FORMATION  OF  THE  FOUNDATIONS  OF  NEW  ROADS. 

France. — Except  with  very  heavy  traffic,  or  with  a  very  soft  sub- 
stratum of  the  road,  the  Ingeuieitrt  dea  Fonts  f^  ChauBseea  do  not  use 
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pared,  and  very  seldom  concrete,  foundations  or  bottoming.  They 
compress  the  bottom  by  rolling ;  and  then  roll  down  upon  it  successive 
layers  of  road  material  about  four  inches  thick. 

Germany. — ^When  rolling  road  bottomings,  the  German  engineers 
do  not  take  the  roller  over  the  sides,  but  rather  lightly  compress  tha 
crown  of  the  road  foundation.  According  to  the  oflELcial  Hanoverian 
**  sx)ccial  instructions  "  about  rolling  the  bottomings  of  roads,  this  must 
be  done  with  a  light  roller,  and  must  not  be  carried  out  till  the  bottom 
is  quite  hard.  No  water  must  be  used,  and  the  operation  should  be 
carried  out  in  dry  weather,  especially  with  a  clayey  soiL 

Liverpool, — The  thirty-ton  steam  road-roUer,  by  Messrs.  Aveling 
and  Porter,  was  set  to  work  in  Liverpool  in  October,  1867.  As  we 
have  already  remarked,  Mr.  James  Newlands,  the  borough  engineer  of 
Liverpool,  has  not  yet  been  able,  in  so  short  a  time  for  such  a  pur- 
pose, to  determine  the  actual  saving  in  maintenance  effected  by  it. 
He  writes  us,  however,  that  ''besides  its  advantage  in  making  a 
newly-coated  macadam  road  perfectly  smooth  in  a  single  night,  it  is 
of  no  less  utility  in  forming  the  foundations  of  new  roads.  Formerly 
the  traffic  had  to  be  turned  on  these  foundations  to  consolidate  and 
render  them  fit  to  receive  the  protective  coatings  of  jmving  or  macadam 
respectively — a  work  which  took  from  three  to  six  montiis,  according 
to  the  locedity.  Now,  when  the  foundation  is  laid,  it  can  be  rendered 
fit  for  paving  and  macadam  in  a  day  or  two."  There  are  upwards  of 
forty  miles  of  macadamised  roads  in  the  borough  of  Liverpool. 

SUBSIDL^RY  APPLICATIONS  OP  THE  STEAM  ROAD- 

ROLLER. 

Gravel  Hoods. — As  regards  the  application  of  the  steam-roller  to 
gravel  roads,  of  which  areas  still  greater  than  those  of  granite  and 
flint  roads  are  in  existence,  but  little  has  yet  been  done  except  in 
parks  in  this  direction,  and  certainly  nothing  has  yet  been  published 
as  to  the  economical  results.  Macadam  wrote,  some  fifty  years  ago, 
**  In  the  neighbourhood  of  London,  the  roads  are  formed  of  gravel," 
"  the  component  parts "  of  which  "  are  round,  and  want  the  angular 
points  of  contact,  by  which  broken  stone  unites,  and  forms  a  solid 
body;"  and  large  aieas  are  still  laid  down  on  the  outskirts  of  the 
metropolis.  The  only  surveyor  who  has  spoken  from  experience  as  to 
the  economical  value  of  rolling  gravel  roads  is  Mr.  Howell,  of  St 
James*  s.  But,  as  has  been  well  observed  to  us  by  Messrs.  Amies  and 
Barford,  ''If  a  garden-roller  is  useful  in  a  degree,  surely  a  mucb 
heavier  one  must  be  still  more  efficient  for  light  vehicle  traffic." 

Faved  Streets. — ^In  Paris,  Buccessful,  but  partial,  experiments  have 
been  made  with  the  steam  road-roller  as  a  substitute  lor  the  paviour^i 
rammer. 
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Heavy  rollers  are  very  extensiyely  applied  in  Hanover  to  pavo- 
mente;  and  the  official  Hanoverian  instructions  for  keeping  up  the 
roads  contain  several  directions  as  to  the  time  and  way  in  which  the 
roller  is  to  be  applied.  Experience  has  shown  that  the  rollers  should 
be  as  heavy  as  possible ;  that  they  should  be  applied  to  any  uneven- 
ness  of  considerable  area;  that  pavements  are  best  rolled  after  the 
bpealdng  up  of  fsost ;  and  that  the  surfaces  should  first  be  swept,  and 
then  the  rolling  be  continued  untU  the  stones  no  more  give  way.  Herr 
von  Kaven,  in  his  "  Lectures  on  the  Engineering  Sciences,"  gives  elabo- 
rate figures,  based  on  some  experiments  conducted  in  Hanover  in  1863, 
showing  the  economy  of  this  method  of  laying  down  and  keeping 
pavement  in  repair. 

It  is  clear  that  rolling  must  also  bo  peculiarly  applicable  to  the 
construction  of  foundations  for  paving  setts. 

Ficking  up  Roads  by  Steam. — The  steam  road-roller,  though  still  a 
comparatively  new  implement,  has  thus  already  made  itself  useful  in 
a  variety  of  ways,  and  has  adapted  itself  to  several  important  functions 
in  road-making  and  repairing,  besides  that  of  rolling  only.  With 
respect  to  picking  up,  or  '^  lifting  "  the  macadam  of  old  roads,  before 
laying  down  a  fresh  coating  of  metal,  there  can  be  no  doubt  that  a 
great  economy  of  manual  labour  can  be  effected  in  this  direction.  Mr. 
Aveling's  apparatus  for  '^lifting"  roads  simply  consists  of  a  series  of 
spikes  bolted  on  plates  let  into  holes  in  the  periphery  of  the  roller.  A 
machine  on  this  principle,  the  invention  of  Mr.  Browse,  the  general 
surveyor  of  the  Metropolis  Roads  Office,  has  long  been  used  by  Messrs. 
Mowlem,  Burt,  and  Freeman,  for  picking  up  roads  in  the  metropolis. 
It  simply  consists  of  a  heavily-laden  cart,  having  its  wheels  armed 
with  spikes.  At  Manchester,  one  of  Aveling  and  Port-er's  engines 
picked  up  an  area  of  2,048  square  yards  in  three  hours  forty  minutes ; 
and  the  cross-picking  was  afterwards  done  by  hand  labour,  only  equal 
to  that  of  one  man  working  sixty  hours. 

This  application  of  steam  will  no  doubt  lead  to  very  great  economies 
on  many  country  and  other  roads  that  have  been  long  wastefully 
managed.  What  Macadam  wrote  still  applies  in  many  cases.  '*  Gene- 
rally the  roads  of  the  kingdom  contain  a  supply  of  material  sufficient 
for  their  use  for  several  years,  if  they  were  properly  lifted  and  applied" 
— with  the  difference  in  favour  of  the  present  time  that  much  of  this 
metal  has  been  previously  broken.  On  any  soft,  Hi-drained  founda- 
tion, successive  supplies  are  often  driven  in  by  the  superincumbent 
traffic,  the  intermediate  mud  working  its  way  up.  Some  road  sur- 
veyors consider  that  many  old  roads,  on  which  there  is  often  as  much 
as  two  feet  of  metal,  might  be  mended  by  the  steam-roller  without 
using  any  new  metalling.  They  could  be  picked  up  and  then  steam- 
rolled,  with  an  exoellenlt  new  surface  as  a  result. 

^r^aking  and  Cofwe^incf  MetaUing, — It  la  pbvioDS  that  t)is  steiUQ 
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road -roller  oould  be  easily  applied,  not  merely  to  driving  stone- 
breaking  machines,  but  also  conveying  the  metalling  to  the  spots 
where  required. 

SUBSIDIARY  ADVANTAGES  OF  THE  STEAM  ROAD- 

KOLLER. 

Saving  m  Sweeping  and  Scavengering, — In  all  these  instances,  it  ift 
quite  dear  that  any  saving  in  road  metal  must  be  accompanied,  as  in 
the  case  of  the  substitution  of  pavement  for  macadam,  though,  of 
course,  to  a  slighter  extent,  by  a  proportionate  saving  in  the  expenses 
of  scavengering  and  removal  of  detritus. 

Diminution  in  Faved  Areas, — ^It  is  also  clear  that  its  well-considered 
and  properly  caxried-out  adoption  in  our  large  towns  must  tend,  as  in 
Paris,  to  narrow  the  encroachments  of  the  uncomfortable,  if  cheap, 
paving  stones.  The  main  advantage,  in  certain  situations,  of  pave- 
ments is  in  the  diminution  of  cost  of  maintenance.  At  speeds  higher 
than  at  a  walk.  General  Morin's  experiments  prove  that  the  resistance 
to  draught  on  pavements  increases,  which  is  not  the  case  with  a  well- 
metalled  road  in  a  dry  state. 

R^SUMfi  OF  THE  MAIN  ADVANTAGES  OF  STEAM 

ROAD-ROLLING. 

Briefly,  the  three  principal  advantages  obtained  by  steam  road- 
rolling  over  horse-rolling  are,  as  observed  in  the  French  Official  Report 
on  the  Exhibits  at  the  late  Paris  Exhibition,  when  alluding  to  the 
BaUaison  steam-roller,  worked  in  Paris  by  Gellerat  and  Co.,  '^saving 
of  expense,  saving  in  time  from  rapidity  of  execution,  and  a  better 
quality  of  work."  All  that  has  been  said  with  respect  to  the  great 
diminution  in  draught  by  horse -rolling  a\>plies  with  much  greater 
force  to  rolling  by  steam.  But  even  if  steam-rolled  roads  cost  more 
instead  of  at  least  fifty  per  cent,  less  in  maintenance  than  traffic-rolled 
roads,  there  would  be  good  reasons  for  adopting  steam-rolling,  as  the 
public  is  well  served  under  the  first  circumstance,  and  very  badly 
served  under  the  second ;  so  that,  even  if  the  expenses  wore  greater, 
there  would  be  a  balance  of  advantage  and  expense.  As  a  corre- 
spondent, "H.  R.,"  in  1868,  observed  in  a  letter  to  the  Times :  "When 
one  considers  the  injury  done  to  carriages  and  horses,  and  the  delays 
caused  by  the  practice  of  leaving  the  stones  to  be  ground  in  by  the 
carriage-wheels,  one  feels  that  even  if  rolling  in  the  stones  would  be 
more  costly  to  the  parishes,  the  pecuniary  gain  to  the  public  would  be 
Tery  considerable."  In  the  words  of  Mr.  Robert  Mallet,  the  well-known 
engineer  and  author,  writing  in  1866, "  there  is  still  room  for  very  great 
ImproTement  in  the  laying  and  repairs  of  the  macadamised  streets  and 
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roadti  of  the  metropolis,  although  the  practice  has  of  late  years  in  some 
respects  improved.  The  admirable  practice  of  Paris,  where,  with  far 
worse  material  than  is  at  our  command,  the  results  obtained  are  so 
much  better,  should  be  in  part  our  school  and  example. 

**We  have  tardily  adopted  from  thence  the  steam  road-roller ;  let  its 
use  be  extended,  and  let  us  also  adopt  the  admirable  methods  of 
cleansing,  watering,  and  repairing  of  the  French."  The  question  is, 
as  Mr.  Tomkins,  the  surveyor  of  the  roads  in  the  district  of  St.  George's 
Hanover  Square,  very  neatly  defines  it,  whether  the  roads  shall  be 
consolidated  *^  by  the  traffic  or  for  the  traffic." 


ECONOMICAL  RESULTS   OF   THE   GENERAL   USE   OF 
STEAM  ROAD-ROLLING  IN  THE  METROPOLIS. 

Itemarks  on  the  Table. — The  annexed  table*  is  almost  sufficiently 
explanatory  of  itself.  It  has  been  made  as  complete  as  has  been 
possible ;  and  when  we  state  that,  without  counting  the  Parliamentary 
Returns,  not  fewer  than  forty-four  different  authorities  have  been 
applied  to  for  returos,  and  that  probably  each  different  authority  keeps 
its  books  on  a  different  plan,  some  notion  of  the  labour  undergone  in 
compiling  the  table  will  have  been  formed.  It  will  be  seen  that  the 
thirty-eight  Metropolitan  Vestries  and  District  Boards  of  Works  appear 
in  the  same  order  as  usual  in  such  returns;  the  Vestries  being  separated 
from  the  Districts.  If  it  had  been  possible,  we  should  have  preferrea 
a  different  arrangement,  based  on  other  considerations.  The  great 
roads  of  London,  and  their  minor  feeders,  radiate  from  the  City  as  a 
centre,  something  like  the  threads  of  a  completed  spider's  web.  As 
we  leave  the  centre,  the  main  roads  necessarily  diverge  farther  apart, 
until  lost  in  the  surrounding  country.  If  the  metropolitan  area  were 
divided  into  small  regular  squares,  or  hexagons,  of  equal  areas,  it 
would  be  possible,  starting  from  the  City  as  a  centre,  to  pretty  closely 
classify  portions  of  the  divisions,  now  coming  under  the  headings  of 
parishes  and  districts,  into  four  principal  zones.  Within  a  circle  of 
about  two  miles  radius  from  St.  Paul's,  enclosing  an  area  of  some 
thirteen  square  miles,  we  should  find  that  all  the  streets  are  paved. 
Another  circle,  or  perhaps  rather  an  ellipse,  with  the  Thames  from  the 
Tower  to  Somerset  House  as  its  major  axis,  would  enclose  the  principal 
Guernsey  granite  areas ;  farther  out  we  should  find,  still  of  course  deal- 
ing with  the  generality  of  minor  roads,  a  zone  mainly  composed  of  flint 
roads ;  until,  at  the  farthest  distances  from  the  City,  and  of  course  in 
regions  of  lesser  traffic,  we  reached  the  outermost  zone  of  gravel  or 
pebble  roads.  It  is  of  course  at  once  seen  that,  as  the  traffic  increases 
towards  the  centre  of  the  web,  the  roads  have  to  be  made  stronger  and 

*  The  tabic  here  referred  to  is  given  in  abstract  at  page  152,  anl«.-  D.K.O. 
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Bfcronger,  until  a  oentro  is  reached  entirely  paved  with  the  hardeit 
granite. 

We  muBt  note  that  tne  term  '<  macadamised "  is  by  some  Ix>ndon 
surveyors  strictly  confined  to  a  road  laid  with  granite ;  by  others  it  is 
extended  to  flint  roads,  which  again  are,  by  some  surveyors,  put  under 
the  category  of  gravel  roads.  We  have  tried  in  the  table  to  separate 
as  much  as  possible  the  granite  from  the  flint  and  gravel  roads. 

It  will  be  observed  how  the  average  width  of  the  streets  and  roads 
increases  in  the  wealthier  parishes,  and  gradually  diminishes  in  the 
poorer  and  older  ones.  In  St.  James's,  Westminster,  and  Battersca, 
the  roads  are,  on  the  average,  50  feet  wide ;  in  Paddington  wo  have 
in  average  width  of  45  feet ;  in  St.  George's,  Hanover  Square,  40  feet; 
and  in  St.  George's  in  the. East  only  18  feet. 

The  Present  Extent  of  the  Roads  in  the  Metropolis, — Mr.  George  Vul- 
liamy,  architect  of  the  Metropolitan  Board  of  Works,  in  his  '*  Memo- 
randum as  to  the  Means  of  providing  Fire-plugs  in  the  Metropolis," 
assumes  the  length  of  streets  in  London  at  from  2,000  to  2,500  miles. 
This  rough  estimate  includes  the  paved  roads,  Our  table,  based  on 
thirty-six  different  returns,  from  as  many  parish  and  district  surveyors, 
gives  more  than  1,100  miles  of  macadamised  roads  in  the  metropolitan 
limits,  with  an  estimated  total  area  of  nearly  twenty-three  millions  of 
square  yards.  These  totals  are  really  far  below,  rather  than  over,  the 
mark,  as  they  do  not  take  into  account  the  areas  of  private  loads,  of 
which  there  exist  a  great  number,  especially  at  the  outskirts,  such  as 
towards  Battersea,  Lewisham,  Islington,  Hackney,  and  other  districts. 
Besides,  in  the  few  cases,  such  as  Marylebone  and  others,  in  which 
incomplete  returns  of  lengths  or  areas  could  be  obtained,  the  figures 
given  have  been  estimated  low. 

These  totals  also  exclude  the  gravel  footpaths,  the  areas  of  which  arQ 
very  considerable  in  many  panshes. 

The  pubUc  and  private  parks  are  also  not  included.  In  the  former, 
Hyde  and  St.  James's  Parks  alone  contain  eight  miles  of  roadway 
under  Government  supervision.  With  Eegent's  Park,  Batter 8eu, 
Victoria  and  the  other  Parks,  at  the  very  least  thirty  miles  of  roads 
could  be  added. 

It  will  be  observed  on  looking  at  any  map,  that  the  metropolitan 
area  of  parishes  has  grown  into  the  shape  of  a  huge  bunch  of  grapes 
from  the  Thames  as  the  stalk  of  the  whole  bunch.  Between  the 
fringes  of  its  irregular  contour  are  great  areas  of  inhabited  country, 
often  as  much  covered  with  roads  as  the  adjacent  metropolitan  parishes 
proper.  There  are  thus  immense  areas  of  roads  on  the  outskirts.  For 
instance,  Mr.  Browse,  surveyor  of  the  Metropolis  Roads  Office,  has 
not  less  than  seventy  miles  of  macadamised  turnpike  roads,  beyond  the 
metropolitan  area,  but  sUll  in  Middlesex.  These  seventy  miles  havo 
Ml  average  width  of  40  feet,  without  reckoning  the  footpaths. 
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Thofl,  taking  the  districts  of  Plomstead  and  Lewisham,  the  f  ariheet 
from  the  centre  of  London,  as  giving  a  measure,  in  the  ratio  of  the 
area  of  their  roads  to  acreage,  of  the  proportion  of  roads  on  the  out- 
Bldrts,  we  should  find  that,  within  a  radius  of  only  twelve  miles  from. 
Charing  Cross,  there  are  at  least  forty  millions  of  square  miles  of 
macadamised  roads. 

TJ^e  Future  Extent  of  the  Hoads  of  the  Metropolis, — ^As  might  naturally 
be  expected,  considerable  areas  of  roads  are  being  laid  down  every 
year  in  the  metropolis,  and  especially  in  the  outlying  metropolitan 
districts.  In  many  districts,  such  as,  for  instance,  Wandsworth,  at 
least  two  or  three  miles  arc  laid  down  annually. 

The  total  population  of  1861  was  three  times  that  of  1801,  having 
trebled  itself  in  sixty  years.  From  the  figures  giving  the  population 
of  London  at  the  end  of  every  decade  since  1801,  it  can  bo  seen  that, 
since  the  beginning  of  the  present  century,  the  metropolitan  popula- 
tion has  doubled  itself  in  about  forty  years.  In  fact,  the  Begistrar- 
General  estimates  that  the  metropolitan  population,  which  in  1866  was 
more  than  3,000,000,  will,  at  the  present  rate  of  increase,  in  forty  years 
be  doubled,  or  will  rise  to  6,000,000.  Should  the  population  double 
itself  in  the  next  forty  years,  the  mean  annual  rate  of  increase,  calcu- 
lating from  1865,  during  that  period,  will  be  about  75,000.  After 
making  every  allowance  for  the  "tendency  to  build  houses  mu^h 
higher  than  was  formerly  the  custom,''  and  without  taking  into  account 
the  opposing  and  corrective  tendency  to  lay  out  wider  streets  than 
formerly,  IVIr.  Haywood  estimates  that  "  at  the  expiration  of  thirty- 
nine  years  hence,  perhaps  forty  or  fifty  square  miles  of  open  country 
will  be  covered,  more  or  less  closely,  with  houses,  for  the  additional 
three  millions  of  inhabitants  which  wUl  then  exist.  But,"  he  goes  on 
to  say,  "  there  are  other  causes  which  have  arisen  of  late  years  tending 
largely  to  disperse  and  radiate  that  part  of  the  existing  population 
which  is  above  the  operative  classes,  the  principal  agency  being  the 
facilities  for  transit  offered  by  railways.  The  tendency  of  that  class, 
undoubtedly,  is  to  seek  cheaper  residences  and  a  purer  atmosphere,  and 
consequently  to  encroach  still  further  upon  the  open  area  surrounding 
the  metropolis,  so  that  probably  sixty  square  miles  of  open  country,  if 
not  a  considerably  larger  area,  will  be  covered  and  occupied  by  the 
time  the  population  reaches  six  millions."  This  would  give  an  area 
one-half  more  than  at  present. 

The  minimum  Annual  Saving  to  London  Ratepayers  derivable  from  the 
use  of  Steam  Road^rolling. — After  taking  the  most  minute  precautions 
against  error,  we  feel  some  confidence  that  our  figures  of  economy 
through  road-rolling  are  much  below  the  mark.  We  see  by  the  table 
that  there  are  at  least  1,126  miles  of  macadamised  road  in  the  thirty- 
nine  metropolitan  parishes  and  districts,  and  that  their  total  area  is  at 
least  21,(f62,605  square  yards*    Qt  course,  the  true  measme  of  tht 
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wark  to  be  done  would  be  a  figure  giving  the  exact  cubic  contents  o^ 
exactly  the  same  kind  of  metalling  consumed  in  a  given  period  of  time 
over  the  given  area.  It  is  impossible  to  obtain  this,  though  we  know 
that  the  surfaces  of  many  London  roads  have  to  be  renewed  several 
times  a  year.  We  find,  however,  as  can  be  seen  in  the  table,  that 
there  were  expended  on  the  roads  and  streets  in  the  London  parishes 
and  districts  during  the  year  1866-7  £714,662;  and  during  1867-8, 
£781,003.  From  a  number  of  returns  forwarded  to  us  by  different 
London  surveyors,  we  estimate  that  the  average  annual  cost  of  main- 
tenanoe,  exclusive  of  cleansing  and  watering,  of  the  London  maca- 
damised roads,  is  £280,750,  or  at  the  rate  of.  in  round  figures,  £250 
per  mile. 

We  have  seen,  from  not  less  than  seven  estimates,  that  the  saving  in 
maintenance  through  horse  road-rolling  can  bo  estimated  at  40  per 
cent.,  and  that  the  French,  after  nearly  ten  years'  experience  in  Paris, 
consider  that  they  save  50  per  cent,  in  maintenance  over  and  above 
hoi'se-roUing.  Therefore,  even  if  we  assume  that  only  50  per  cent,  is 
saved  by  steam-rolling,  Tre  have  a  gain  of  more  than  £140,000  per 
annum,  without  reckoning  the  diminution  of  scavengeiing  and  water- 
ing, and  many  other  sources  of  economy. 

It  will  be  observed  that  this  sum  is  less  than  one-fifth  of  the  grand 
total  of  that  spent  in  1867-8  on  all  the  charges  for  the  London  roads ; 
and  that,  capitalised  at  three  per  cent.,  it  represents  more  than  four 
and  a  half  mUlionB. 

The  Classes  directly  interested  in  the  Application  of  Steam  Road-rolling, 
— As  every  one  uses  roads,  and  is  directly  or  indirectly  a  ratepayer, 
every  one  may  be  said  to  be  more  or  less  interested.  This  of  course 
applies  more  directly  to  every  owner  of  a  horse,  for  the  reasons  we 
have  already  given  at  length,  under  the  heading  of  saving  in  draught ; 
but  still  to  every  user  whatsoever  of  the  road.  As  a  London  local  paper, 
the  ''  Parochial  Critic,"  observes, ''  an  uncovered  part  is  seized  upon 
by  every  humane  driver,  and  quite  a  contest  takes  place  for  possession 
of  the  smooth  portion.  When  all  is  covered  by  loose  sharp  stones  the 
drivers  and  horses  yield  themselves  to  their  fate,  and  drag  through  the 
punishment  as  best  they  can.  A  return  of  the  number  and  character 
of  accidents  occasioned  by  the  present  system  of  road-making  for  the 
last  seven  years  would  surprise  the  ratepayers." 

As  usual  in  such  cases,  although  the  complaints  of  the  wealthy  are 
heard  more  loudly,  the  poor  probably  suffer  moc;t.  It  is  said  that,  in 
some  parishes,  the  habit  is  to  lay  down  the  loose  stones  in  October, 
and  to  leave  them  to  be  consolidated  by  the  passing  traffic  before  the 
rich  inhabitants  return  to  town  in  February.  The  work  of  rolling  is 
thus  thrown  on  draught-carts,  the  yehicles  of  the  poorer  classes,  and 
^specially  the  Qowibiw— the  poor  man's  own  conyeyance.    The  dini- 


428  APPENDICES. 

nution  in  the  work  of  traction  produced  by  road-rolling  certainly 
ought  to  direct  the  attention  of  the  onmibuB  companies,  now  serving  a 
passenger  traffic  in  which  they  have  to  compete  with  the  metropolitan 
railways,  and  soon  with  the  tramways — the  proprietors  of  railway 
vans,  such  as  those  of  Messrs.  Pickf  ord  and  Chaplin  and  Home,  and 
of  the  railway  coal-carts — to  this  mode  of  saving  wear  and  tear  of 
horseflesh  and  vehicles.  Any  road  whatever  is  neither  more  nor  loss 
than  an  apparatus  for  saving  draught ;  and  .the  only  advantage  of  a 
railroad  is  that  it -has  so  much  less  draught  on  its  rails  that  it  econo- 
mises the  work  of  traction.  The  roads  of  a  city  are  in  fact  the  per- 
manent way  and  fixed  plant  of  its  means  of  locomotion. 

The  Amount  of  Capital  invested  in  Horses  and  Vehicles  in  the  Metropolis. 
— In  order  to  obtain  some  further  measure  of  the  extent  of  the  classes 
directly  interested  in  the  application  of  steam  road-roUing,  we  will 
form  an  estimate  of  what  an  engineer  would  term  the  rolling-stock  of 
the  London  roads.  According  to  recent  fiscal  arrangements,  all  horses 
whatsoever  are  taxed^  and  also  all  vehicles,  with  the  sole  exception  of 
trade  carts  for  burthens,  on  which  are  painted  the  name  and  address 
of  the  proprietor.  This  gives  an  easy  means  of  getting  at  the  number 
of  horses  and,  approximately,  the  number  of  vehicles.  The  Honoor- 
ablo  Commissioners  of  Inland  Beveime  have  obligingly  furnished  us 
with  figures,  giving  the  number  of  horses,  and  of  taxed  vehicles, 
within  a  circle  of  a  radius  of  4}  miles  from  Charing  Cross,  and  hence 
covering  the  greater  part  of  the  metropolitan  area.  There  are  thus 
71,903  horses  in  all,  and  24,095  taxed  carriages,  within  this  space. 

On  account  of  the  untaxed  trade  carts,  we  may  safely  raise  the 
number  of  vehicles  to  30,000.  In  the  absence  of  any  exact  data,  there 
may  probably  be  difierent  opinions  as  to  the  relative  numbers  of  the 
different  kinds ;  but  the  following  rough  estimate  will  not  be  very  far 
from  exactitude,  especially  as  we  have  verified  the  numbers  we  have 
estimated  for  the  cabs  and  omnibuses  by  inquiry  at  Scotland  Yard. 
Of  light  carts,  vans,  gigs,  phaetons,  15,090,  which,  at  the  price  of  £30 
each,  would  give  a  sum  of  £450,000 ;  cabs,  7,000  at  £35  each,  give 
£245,000 ;  omnibuses,  2,000  at  £60,  £160,000 ;  heavy  carts  and  wag- 
gons,  3,500  at  £50  each,  £175,000 ;  carriages,  broughams,  &c.,  2,500 
at  £120  each,  £300,000.  This  would  afford  a  total  of  £1,290,000 
invested  in  vehicles ;  and  harness  may  be  estimated  at  40,000  sets,  at 
the  rate  of  £4  each,  or  £160,000.  The  depredation  of  this  capital  is 
very  heavy,  as  experts  estimate  that  vehicles,  the  first  prices  of  which 
are  £20  to  £150, cost  from  £4  to  £15  per  annum  in  repairs;  and  the 
wear  and  tear  of  harness  is  always  very  considerable. 

Each  of  the  15,000  light  cart,  gig,  phaeton,  or  van  horses  we  will 
take  to  require  one  horse,  of  the  value  of  £20,  or  a  total  value  of 
£300,000.  Each  of  the  £7,000  harder  worked  oabs  would  require  two 
horses,  as  a  horse  must  be  in  stable  at  least  three  days  a  week;  but 
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their  average  value  can  only  be  taken  as  £15,  or  a  total  of  £225,000. 
Ab  few  omnibus  horses  do  more  than  one  journey  a  day,  and  even  then 
often  rest  one  or  two  days  a  week,  wo  probably  have  30,000  horses  to 
the  2,000  omnibuses ;  and  being  of  a  somewhat  superior  kind,  they 
must  be  estimated  at  the  rate  of  £30  each,  or  a  total  of  £900,000. 
Heavy  cart  or  waggon  horses,  7,000  at  £60  each,  and  two  per  cart,  will 
give  £420,000 ;  and  carriage  and  brougham  horses,  two  per  vehicle, 
5,000  at  £100  each,  will  employ  the  sum  of  £500,000.  On  account  of 
their  inconsiderable  number,  especially  in  the  centre  of  London — ^for 
we  are  only  considering  the  area  within  a  radius  of  4^  miles  from 
Charing  Cross — we  have  left  out  the  riding-horses.  The  total  capital 
thus  invested  in  horse-flesh  we  may  estimate  at  £2,345,000 ;  and, 
adding  to  this  £1,290,000  for  vehicles,  and  £160,000  for  harness,  we 
have  a  total  of  £3,735,000,  or  of  nearly  four  millions  of  pounds  sterling, 
invested  in  the  rolling-stock  of  the  metropolitan  highways. 

THE  HISTORY  OF  HORSE  ROAD-ROLLINO. 

The  first  recorded  allusion  to  road-roUing  seems  to  have  been  made 
in  the  letters  patent  granted  in  1619  to  a  certain  John  Shotbolte,  who, 
without  enrolling  any  specification,  speaks  of  using  **  land  steames, 
scowrers,  trundlers,  and  other  strong  and  massy  engines,"  "in  the 
making  and  repairing  of  highways  and  roads."  In  Partington's 
'*  British  Cyclopedia  of  the  Arts  and  Sciences"  (1835)  we  find  it  stated 
that  it  was  soon  after  the  year  1700  that  a  part  of  the  charge  of 
repairing  roads  was  taken  off  the  parishes  and  levied  on  the 
^veller  by  means  of  turnpike-gates.  It  was,  nevertheless,  a  com- 
plaint that  the  roads  were  little,  if  at  all,  improved  by  the  expenditure 
of  the  money  so  raised.  This  complaint  is  energetically  advanced  in 
**a  dissertation  concerning  the  present  state  of  the  high-roads  of 
England,  especially  of  that  near  London,  wherein  is  proposed  a  new 
method  of  repairing  and  maintaining  them,"  read  before  the  Royal 
Society  in  the  winter  of  1736-7  by  Robert  Phillips,  and  printed  in  a 
small  separate  volume.  "  The  author's  great  object  is  to  recommem 
washing  the  roads  by  a  constant  stream,  if  possible;"  at  any  rate, 
washing  the  materials — in  which  he  partly  anticipates  Macadam—  of 
which  they  are  composed.  Phillips  strongly  remonstrates  against "  the 
practice  of  laying  down  large  heaps  of  unprepared  gravel  to  be 
gradually  consolidated  into  a  harder  mass,  at  the  expense  of  the 
intolerable  labour  of  the  poor  animals  that  are  obliged  to  grind  it 
down."  His  complaint  has  been  re-echoed  in  London  for  more  than 
one  hundred  and  thirty  years,  but  with  little  practical  results. 

The  first  proposal  of  a  road-roller,  on  a  sound  and  scientific  basis, 
was  made  by  a  French  Royal  Engineer  of  Roads;  and  already,  in 
1787»  M.  de  Cesairt,  then  Inapeettur  General  de$  Pbnts  et  Chauswe9, 
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reoommendcd  a  cAst-iron  roller  for  rolling  down  newly  metalled  road&. 
He  chose  it  8  feet  long,  3  feet  in  diameter,  and  of  a  weight  of  7,000  old 
French  pounds.  Very  soundly  he  compared  its  action  on  broken  stone 
roads  to  that  of  a  pavior's  hammer  on  paving  stones,  and  altogether 
his  description  is  what  might  he  expected  from  a  scientific  engineer. 
The  Assetnblie  des  Fonts  et  Chaussees  strongly  advised  a  careful  trial ; 
but  the  disturbed  political  state  of  France,  then  in  the  throes  of  her  first 
Revolution,  evidently  had  the  effect  of  preventing  the  continuation  of 
the  experiment.  De  Cessart's  description  is  republished  in  the  volume 
for  1844  of  the  J nnalea  des  Fonts  et  Chaussees.  Philip  Hutchinson  Clay 
patented  and  specified  in  England,  in  1817»  '*  a  large  roller  which,  with 
the  carriago  over  it,  empty  or  filled  with  gravel  or  other  material,  may 
be  made  to  press  upon  the  road  any  weight  from  6  tons  to  20  tons,  and 
by  being  used  frequently,  will  press  the  moisture  to  the  surface,  and 
admit  the  sun  and  rain  to  act  upon  it,  at  the  same  time  pressing  down 
the  loose  material  and  making  the  road  more  even."  That  Clay  under- 
stood the  subject  is  evident  from  his  using  <'  a  gravel  cart/'  ''  fixed 
upon  a  roller,  to  carry  gravel  or  other  material  used  in  the  reiMurs  of 
roads,  and  deposit  it  where  necessary,  the  g^^eat  advantage  being  thai 
it  improves  the  roads  it  passes  over,  and  will  be  particularly  useful  in 
districts  where  material  is  scarce,  whereas  the  present  mode  of  carrying 
it  in  carts  with  narrow  wheels  destroys  the  road  it  passes  over."  This 
plan  was  afterwsurds  carried  out  in  Ireland  by  Sir  John  Burgoyne. 
John  Biddle  patented,  in  1825,  ''a  combination  of  machinery  for 
making,  repairing,  and  cleansing  roads,  consisting  of  scrapers  com- 
bined with  rollers."  The  road-roller  thus  seems  to  have  been  used  by 
several  English  inventors ;  and  it  is  acknowledged  by  the  French  that 
a  sight  of  some  at  work  in  London  revived  the  attention  of  Continental 
engineers  to  their  use.  A  road-roller  was  tried  as  far  back  as  1826  on 
the  road  near  Gottingen  from  Hanover  to  Cassel ;  but  the  experiments 
did  not  succeed  at  the  time,  and  it  was  only  between  1837  and  1840 
that  Herr  E.  Bokelberg,  now  Wegbaurath  (literally  *' Hoad-making 
Councillor"),  practically  introduced  the  process  into  Hanover.  The 
first  roller  adopted  in  actual  practice  in  France  appears  to  have  been 
one  by  M.  Folonccau,  the  celebrated  builder  of  the  Carrousel  Bridge, 
in  1829.  This  roller  is  said  to  have  been  built  up  of  wooden  lagging 
tied  together  with  iron  hoops,  and  weighted  with  stones,  being,  as  to 
construction,  long  behind  that  of  De  Cessart.  Wooden  rollers,  filled 
with  stones,  sand,  or  clay,  were  in  use  in  France,  about  thirty  yean 
ago,  in  the  department  of  the  Mame  et  Loire ;  and  one  of  this  kind 
is  illustrated  in  a  volume  for  1840  of  the  Annales  des  Fonts  et  Chaussees. 
Rollers  made  of  solid  stone  and  granite  were  also  used  at  the  beginning. 
8ome  French  writers  state  that  the  horse-roUer  was  first  re-introduced 
from  England  into  France,  in  1833,  by  M.  Fortin.  Dr.  Riihlmann,  of 
Sanover,  unknown  to  ourselvGi,  arrived  some  yean  ago  at  the  same 


^xynclusion  that  J^oad-tollers  first  began  to  appear  in  actual  practice  in 
1830,  or  thereabouts;  and  that  they  were  introduced  into  Hanover  in 
1837,  or  after  their  appearance  in  France.    As  we  know,  the  Hano- 
Terian  administration  of  the  roads  has  the  reputation  of  being  the  very 
best  in  all  Germany.    The  year  1830  is  about  the  date  given  by  Mr. 
Yignoles  as  that  of  the  general  and  official  adoption  by  the  French  of 
Macadam's  system  of  roads,  of  which  they  at  once  perceived  that 
rolling  is  the  indispensable  concomitant.    They  hold  that  an  unrolled 
macadamised  road  is  only  half  finished ;  and  the  centralization  of  the 
French,  Hanoverian,  and  Prussian  administrations  of  the  roads  has 
facilitated  tJie  universal  combination  of  rolling  with  the  system  of 
macadamisation.    In  1837,  Mr.  (now  Sir  John)  Macneil  patented  the 
use  of  a  kind  of  road  consisting  of  pieces  of  cast  or  wrought  iron 
mixed  with  broken  stone  and  gravel.    It  was  to  be  consolidated  by 
horse-rolling  in  preference  to  wheel  traffic.     That,  however,  road- 
rolling  was  not  much  known  in  England  by  1838,  appears  from  an 
examination  of  Sir  Henry  Pamell*s  celebrated  work  on  roads,  the 
second  edition  of  which  was  published  in  that  year.     The  Right 
Honourable  Sir  Henry  Famell,  Bart.,  was  constituted  the  Government 
Commissioner  of  the  Holyhead  roads,  laid  out  by  Telford;  and  the 
plans,  specifications,  and  contracts  drawn  by  Telford  are  printed  in  the 
body  of  the  work.   No  mention  is  made  of  road-rolling — as  little  as  by 
Macadam  himself,  in  the  sixth  edition  of  his  work,  published  in  1822. 
It  is  well  known  that  Sir  John  Loudon  Macadam  rather  directed  his 
attention  to  the  construction  of  new  roads  and  to  restoring  bad  ones 
than  to  the  maintenance  proper  of  good  roads.    Some  of  his  principles 
are  no  doubt  applicable  to  maintenance  as  weU  as  to  making  and 
repairing,  but  there  is  a  good  distance  from  that  to  a  complete  method. 
The  first  recommendation  in  the  English  language  of  horse  road- 
roUing,  as  a  measure  of  economy,  was  published  by  Colonel  (now 
Field-Marshal)  Sir  John  F.  Burgoyne,  R.E.,  in  1843,  when  Chairman 
of  the  Board  of  Works  in  Ireland.    He  was  one  of  the  first  engineers 
who  used  it  in  their  own  work,  and  certainly  the  first  in  England  to 
scientifically  recommend  it,  not  as  a  refinement,  but  as  a  necessity. 
Before  1840,  as  appears  from  the  Verhandlungen  des  Vereins  zur  Before 
derung  des  Gewerbjleisses  in  Preussen,  road-rolling  was  officially  and 
universally  introduced  upon  the  Prussian  roads.     There  can  be  little 
doubt  that  sooner  or  later  all  the  rest  of  Europe  will  imitate  Prussia 
in  this,  the  only  logical  and  truly  economical  mode  of  road  mainte- 
nance, just  as  the  Prussian  authorities  are  being  tardily  copied  in 
their  first  use  of  breechloaders,  in  their  army  administration,  com- 
pulsory education,  preliminary  examination  of  patents  for  inventions, 
the  stringent  management  of  their  civil  services,  and  other  matters. 

A  great  number  of  different  constructions  of  horse-rollers  are  in  use, 
designed  with  regard  to  facility  in  turning  at  the  ends,  facUity  for 
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increamng  or  diminiBhing  the  load  on  the  roller,  and  eaae  of  draught. 
The  most  elegant  of  these  contrivances  is  the  roller  ballasted  with 
water;  obyiouaLy  affording  a  very  easy  means  for  lightening  or 
increasing  the  load.  It  is  generally  believed  in  England  to  be  a  home 
invention,  though  really  first  applied  and  described  in  1853,  by  a 
Government  Engineer,  G.  Nell,  employed  in  Prussian  Silesia. 

THE  HISTORY  OF  Sl'EAM  ROAD-ROLLING. 

In  the  presence  of  the  settled  employment  in  France  of  horse-rollers, 
it  was  natural  to  expect  that  French  inventive  talent  should  first  seek 
for  the  usual  substitution,  in  an  implement  in  much  requisition,  of 
steam  for  horses.  The  .limitation  of  the  areas  paved  with  "  setts  "  in 
Paris  and  other  large  cities,  said  to  be  ordered  by  Napoleon  III.  as  a 
timely  precaution  against  street  barricades,  has  also  greatly  favoured 
the  employment  of  the  steam-roller  by  raising  the  demand  for  a  very 
high  and  durable  class  of  macadam,  especially  for  tho  centres  of 
Parisian  traffic.  The  main  impulse  towards  the  use  of  the  steam- 
roller in  France  was,  however,  the  extraordinary  economy  in  main- 
tenance found  to  be  derived  from  horse,  and  d  fortiori  to  be  expected 
from  steam,  road-rolling.  The  saving  to  the  public  in  wear  and  tear 
of  horse-flesh,  vehicles,  and  harness,  however  great,  could  scarcely  have 
so  much  stimulated  the  road  authorities.  Tho  publication  more  than 
a  quarter  of  a  century  ago  of  these  economical  results  of  horse-rolling 
has  had  little  or  no  effect  on  our  road  management ;  tho  yet  greater 
advantages  obtained  in  France  from  steam  road-roUing  may,  however, 
possibly  do  more. 

The  first  patent  for  a  steam  road-roller  was  taken  out  in  France,  at 
the  beginning  of  1859,  by  M.  Louis  Lemoine,  of  Bordeaux.  His  roller 
was  not  patented  in  England,  nor  ever  fully  described  in  any  publica- 
tion. At  the  meeting  on  the  13th  of  February,  1861,  of  the  Soeidte  SEfi" 
souragement,  the  well-known  engineer,  M.  Combes,  is  recorded  to  have 
described — though  his  description  is  not  given  in  the  Bulletin  of  the 
Society — Lemoine' s  roller,  which  he  had  seen  at  work  on  the  Bordeaux 
roads.  M.  Lemoine  was  then  an  employ^  of  the  Bordeaux  municipality. 
This  steam-roller  appears  to  have  consisted  of  one  main  roller  for 
doing  the  work ;  the  engine,  weighing  in  all  only  about  ten  tons,  being 
steered  by  a  pair  of  side  wheels,  the  axles  of  which,  by  means  of  gear- 
ing, could  be  set  at  varying  angles  to  the  main  roller.  In  1860  M. 
Lemoine's  roller  was  tried  on  the  road  of  the  Bois  de  Boulogne,  Ballai- 
son's  steam-roller,  patented  in  Franc-e  in  August,  1860,  and  now  in  use 
by  Gellerat  and  Co.,  the  Paris  Steam  Road-rolling  Company,  was  also 
there  tried  in  Aug^ust  of  the  following  year.  In  1862  experiments 
were  carried  out  with  both  these  steam-rollers  by  the  French  engineers 
of  the  State,  M.M.  Dared  and  Labry,  who  gave  an  account  of  them  in 
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an  unpublished  report  of  May  of  that  year.  They  expressed  strong 
opinions  in  favour  of  steam-rolling  in  general,  giving  the  pref erenco 
to  the  Ballaison  roller.  An  extract  from  this  report  was  printed  in 
M.  Homberg's  Notice  aur  les  voies  empierrees  et  asphaltees  de  Paris  (1865). 
lliey  observe  that  the  only  possible  apparent  objection  to  steam-roUers 
is  their  frightening  the  horses.  We  understand  from  M.  Lemoine  that 
since  these  trials  he  has  made  several  ^different  forms  of  roUers,  now  at 
work  in  Bordeaux  and  its  environs.  By  this  time  the  system  has 
finnly  established  itself  in  Paris  and  elsewhere  in  France  by  a  success 
extending  over  more  than  seven  years. 

The  results  obtained  in  Paris  during  the  couple  of  years  after  1861 
attracted  little  or  no  attention  in  England.  The  main  reason  for  this 
18  to  be  found  in  the  slight  importance  attached  by  most  of  our  road 
authorities  to  rolling.  It  is  not  regarded  as  a  necessity  but  as  a 
luxury.  Quite  independently  of  the  French  inventors,  Mr.  W.  Clark, 
chief  engineer  to  the  municipality  of  Calcutta,  in  1863  conceived  the 
idea  of  a  self-propelling  steam  road-roUing  engine,  with  its  weight 
uniformly  distributed  over  the  whole  width  of  the  rollers.  The 
different  English  traction  engine-makers  to  whom  Mr.  Clark  applied 
were  unwilling  to  make  designs  and  pattern^  for  a  single  implement ; 
and  at  last  Mr.  Clark  having  consulted  Mr.  W.  F.  Batho,  of  Birming- 
ham, the  engineering  manager  of  Mr.  Josiah  Mason's  vast  under- 
takings, and  well  known  in  the  profession  for  his  original  constructive 
talent,  an  engine  on  Mr.  Bathe's  designs  was  made  by  Mr.  Worsdell  of 
that  town  and  sent  out  to  Calcutta,  where  it  has  done  good  service. 
This  design,  patented  in  1863  by  Messrs.  Clark  and  Batho,  was  there- 
fore that  of  the  first  steam  road-roller  ever  tried  or  patented  in  Great 
Britain.  The  chief  features  of  dark  and  Batho's  patent  are  the  use  of 
three  sets  of  rollers,  two  in  front  acting  as  drivers,  while  the  third  is 
sot  up  in  a  turn-table,  beiug  adjustable  so  as  to  steer  the  engine,  at 
the  same  time  overlapping  the  space  betwe^i  the  two  outside  drivers. 
At  about  this  time  Mr.  Batho  went  to  much  trouble  in  trying  to  pre- 
vail upon  the  road  authorities  of  many  of  the  larger  towns  to  adopt 
feteam-rolling,  but  without  the  least  success.  In  a  history  of  the  sub- 
ject he  must,  however,  figure  as  the  first  Englishman  who  fully  com- 
prehended the  national  importance  of  steam  road-roUing ;  and  we 
understand  that,  although,  as  we  have  stated,  the  first  experiments  were 
made  in  France,  yet  his  steam  road-roller  was  the  first  thoroughly 
successful  implement  of  the  kind.  About  a  year  afterwards,  Ballai- 
son's  steam-roller  appeared  on  the  English  patent  lists  as  a  communica- 
tion from  Messrs.  E.  GeUerat  and  Co.,  of  Paris ;  and  in  May,  1865, 
that  Comi)any  concluded  a  six  years'  contract  with  the  Administration 
of  Paris  for  rolling  the  roads  of  that  capital.  In  the  meantime  the 
roUer  made  by  Mr.  Batho  for  Calcutta  had  been  at  work  there  since 
1861,  more  than  repaying  its  entire  first  cost.    The  Bombay  autho- 

^  IS 
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nUm  a4xx>rdingly  msiracted  tbeir  agent  to  order  one  of  Clark  and 
Batho*B  engineBy  through  Oaptain  Trever,  B.E.,  who,  however,  pre- 
ferred to  employ  Means.  Hjoreland  and  Son,  of  London.  These 
gentlemen  accordingly  made  two  enginee  which  were  sent  oat  to 
Bombay.  In  1866,  Meesn.  Eastons,  Amos,  and  Anderson  undertook 
some  contracts  for  rolling  roads.  Mr.  Anderson  informs  us  that  the 
firm  **  happened  to  have  one  of  Aveling  and  Porter's  12-horse  traction- 
engines,  and  it  occurred  to  them  to  harness  it  to  a  10-ton  roller,"  6  feet 
in  diameter  and  length.  They  ^  commenced  operations  in  1866  "by 
rolling  the  new  roads  of  the  Belvedere  Estate,"  Belvedere,  near  Erith. 
The  firm  "  subsequently  made  a  contract  with  the  First  Commissioner  • 
of  Works  to  roll  the  roads  in  Hyde  Park,"  and,  "  during  the  autumn 
of  1866  and  the  early  part  of  1867  "  the  engine  and  roller  were  kept 
in  that  park,  l^ough  the  Government  officials  were  anything  but 
favourable  to  its  employment.  It  again  illustrates  the  little  atten- 
tion paid  in  England  to  what  is  being  done  abroad,  that,  though 
the  city  of  Paris  had,  nearly  a  year  before,  concluded  a  six  years' 
contract  with  the  Paris  Steam  Koad-rolling  Company,  yet  this 
eminent  firm  employed  a  certainly  ingenious,  but  comparatively  ineffi- 
cient, combination  for  the  purpose.  It  was  soon  found  that  the  wheels 
of  the  traction-engine  left  deep  ruts  that  were  not  made  good  by  the 
roller,  and  that  much  time  was  lost  in  turning ;  but  that  the  dead  load 
of  the  boiler  and  engine — ^useless  in  the  traction-engine — could  be 
made  to  do  good  work  in  rolling.  What  with  these  observations,  and 
the  reports  probably  more  or  less  current  about  the  success  of  the  Paris 
and  the  Calcutta  rollers,  Messrs.  Aveling  and  Porter  determined  tc 
adapt  their  form  of  traction-engines  to  this  purpose.  The  result  is  a 
combination  of  their  simple  and  efficient  form  of  traction-engine  with 
the  arrangement  of  rollers  and  turn-table  patented  in  1863  by  Messrs.. 
dark  and  Batho.  Towards  the  end  of  September,  1867,  Messrs. 
Aveling  and  Porter  supplied  a  30-ton  steam  road^oUer  to  the  borough 
authorities  of  Liverpool,  where  it  has  been  ever  since ,  at  work  to  the 
satisfaction  of  the  engineer.  Subsequently  to  this,  Messrs.  Moreland 
and  Son  hired  to  the  Government  the  steam  roller  now  [1870]  in  use  in 
Hyde.Park. '  In  1867  steam  road-rollers  began  to  be  introduced  into 
Hanover.  The  manufacture  of  the  rollers  on  the  Ballaison  construction, 
was  taken  up  towards  the  end  of  1868  by  Messrs.  Manning,  Wardle, 
and  Co.,  of  Leeds ;  and,  at  the  beginning  of  last  year,  a  paper  giving  a 
description  of  the  steam-roller  used  in  Paris,  was  brought  before  .the 
Institution  of  Mechanical  Engineers,  Birmingham,  by  M.  Gellerat,  of 
Paris^  eliciting  au  interesting  discussion  on  the  whole  subject 
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FotxowiNO  this,  a  steam  road-roller  was  purchased  from  Messrs.  Ave- 
ling  and  Porter,  in  1871,  by  the  Edinburgh  Road  Tmst,  whioh  roller 
was  of  a  similar  design  to  that  supplied  by  the  same  firm  to  the 
borough  authorities  at  lAyerpool,  and  is  said  to  hare  given  great 
satisfaction. 

A  year  later  there  appeared  a  French  steam  road-roller,  known  as 
the  **  Lemoines.*'  This  roller  had  a  boiler  of  the  '*  Kesterton  "  type, 
mounted  in  a  manner  substantially  similar  to  that  of  the  roller  pre. 
viously  made  by  Messrs.  Grellerat  and  Co.,  and  the  double  cylinder 
engines  being  placed  beneath  the  boiler.  The  power  required  for 
operating  the  steering  gear  was  taken  from  engines  carried  upon  the 
foot  plate.  The  steering  rollers  were  placed  in  front,  and  power  was 
oommunicated  to  the  driving  axle  of  the  rear  driving  rollers  through 
toothed  gearing  of  a  somewhat  complicated  description. 

ICr.  Andrew  Lindelof,  of  New  York,  U.S.,  patented,  in  1873,  a 
steam  road-roller  which  had  a  boiler  of  the  vertical  type,  carrying 
double-actiDg  vertical  engines,  the  crank  shaft  of  -^rhich  was  connected 
to  the  driving  rollers  through  a  bevel  wheel  running  in  a  spur  ring  on 
the  extremity  of  the  driving  roller.  Steering  was  effected  by  means 
of  a  hand- wheel  and  screw,  working  in  a  block  pinned  to  the  end  of 
the  tiller,  which  was  fixed  to  the  vertical  shaft  of  the  fork  of  the  steer- 
age roller,  the  necessary  p2ay  being  allowed  for  by  a  joint  between 
the  fork  and^  the  vertical  shaft  at  its  lower  extremity. 

At  the  Universal  Exhibition  held  in  Vienna,  in  the  year  1873, 
Messrs.  Aveling  and  Porter  showed  a  new  patent  steam  road-roller  of 
a  smaller  type  than  that  supplied  to  Liverpool,  which  could  be 
adapted,  with  greater  facility,  to  drive  a  stone-breaker,  and  to  perform 
when  required,  the  duty  of  an  ordinary  type  of  fixed  engine.  The 
weight  of  this  roller  was  eight  tons,  and  the  power  of  the  engine 
5-horse  nominal.  The  front  steering  rollers  were  formed  conical,  and 
this,  it  was  calculated  by  the  makers,  would  be  advantageous,  as  ena- 
bling the  slip  that  would  result  from  that  oonstruotion  to  be  taken 
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advantage  of  to  obtain  a  ramming  or  downward  pressure,  as  well  as  the 
usoal  rolling  pressure  npon  the  road  surface.  In  practice,  however, 
this  plan  was  foand  to  be  objectionable  by  reason  of  the  tendency  of 
the  tapered  rollers  to  spread  or  run  apart,  and  the  consequent  enor- 
mous strain  and  friction  that  was  thrown  upon  the  axle  in  con* 
sequence. 

From  this  time  the  road-roller  has  been  gradually  improved,  until 
the  present  comparatively  perfect  machine  has  been  evolved,  of  which 
perhaps  the  best  example  of  the  highest  efficiency  is  to  be  found  in 
Messrs.  Aveling  and  Porter's  patent  compound  steam  road-roller. 
This  type  of  roller  is  fitted  with  high  and  low  pressure  cylinders,  and 
with  a.  boiler  of  mild  steel  plates,  specially  constructed  for  high 
working  pressures.  Amongst  the  advantages  derivable  from  com- 
pounding the  engine  may  be  briefly  enumerated  increased  economy, 
silence  in  working,  and  increased  steadiness  and  ease  in  work. 

The  practice  as  regards  the  weight  of  steam  road-rollers  varies  con- 
siderably in  different  coimtries,  and,  indeed,  in  different  districts.  In 
Paris,  for  instance,  the  authorities  employ  and  insist  upon  their  con- 
tractors employing  2o-ton  steam-rollers.  This  is  considered  to  be  far 
too  heavy  in  this  country.  Mr.  E.  Pumell  Hooley,*  County  Surveyor 
of  Notts,  recommends  the  use  of  a  12|-ton  roller  as  being  the  most 
useful  and  reliable  instrument,  and  observes  that  it  is  quite  an  error  of 
judgment  to  imagine  that  the  iTeavier  a  roller  the  better  the  work. 
Heavier  rollers,  he  says,  do  more  damage  to  material  and  drains,  and 
in  the  end  prove  cumbersome  for  country  districts.  Mr.  Hooley  states 
that  he  uses  12-ton  rollers  on  magnesian  limestone  for  sides  of  roads, 
furnace  slag  for  making  up  important  roads  and  coating  second-class 
roads,  and  granite  for  coating  first-class  roads.  He  has  successfully 
used  similar  rollers  on  Kentish  rag  stone  and  flint,  and  by  testing  has 
foimd  that  material  so  consolidated  does  not  give  off,  by  25  per  cent., 
so  much  dirt  and  dust  as  materials  consolidated  by  the  old-fashioned 
method  of  raking  in. 

In  repairing  roads  it  is  necessary  to  loosen  the  superficial  layer  of 
old  metalling  by  either  hand-picking  or  scarifying  before  spreading 
on  the  new  stones.  Spiked  inserted  at  intervals  in  one  of  the  driving 
wheels  of  a  roller  were  at  one  time  employed  to  do  thiis  work,  and  this 
method  was  found  to  be  more  (conomioal  than  hand-picking.  A 
number  of  different  patterns  of  scarifiers  have  now  been  invented, 
most  of  which  bear  a  strong  family  likeness  to  one  another.  A  con- 
venient type  of  apparatus  is  that  invented  by  Mr.  Morrison,  and  made 

*  "  Steam  Boiling.*'  By  E.  Pumell  Hooley,  Asioo.  M.Inst.  C.B.,  Goanty  Sur- 
veyor of  Notts.  A  Paper  read  before  the  Incorporated  Association  of  Hunidpal 
and  County  Engineers,  at  Brighton,  June  25th  and  26th,  1896. 
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hy  Keflsrs.  Aveling  and  Porter.  This  contariyance  is  sa  oonstruoted 
that  it  is  adapted  for  fixing  to  any  self-moving  eng^e,  bat  is  espe- 
oially'soitiible  for  application  to  a  steam,  road-roller,  and  being  per- 
manently attached,  it  can  be  used  at  a  moment's  notice  as  economi- 
cally for  the  slightest  patching  as  it  can  for  continuous  work,  and  will 
work  with  equal  facility  and  advantage  backwards  or  forwards.  A 
10-ton  roller  will  work  it  with  ease,  and  break  up  from  4,000  to  6,000 
square  yards  per  diem. 

The  cost  of  steam  roUing  as  compared  with  horse  rolling  is  very 
greatly  in  favour  of  the  former,  the  saving  being  at  least  25  per  o^t. 
When  suitable  arrangements  are  made  to  insure  the  continuous 
working  of  a  steam  roller,  by  having  stretches  of  road  always  ready 
in  advance,  from  1,000  to  2,000  square  yards  may  be  j^Ued.  in  a  day, 
in  accordance  with  the  weight  of  the  roUer,  and  to  the  various  other 
conditions  under  which  the  work  must  be  carried  on.  Including  the 
cost  of  the  wages  of  the  driver,  fuel,  and  oil,  and  a  sum  of  from  10  to 
15  shillings  to  cover  interest  and  wear  and  tear,  the  cost  of  rolling 
from  1,000  to  2,000  yards  will,  according  to  Messrs.  Aveling  and 
Porter,  average  from  22s.  to  25s.,  that  is  to  say  that  from  3  to  8 
yards  superficial  can  be  rolled  for  Id. 

COST  OF  STEAM-ROLLING  ON  ROADS  IN  FRANCE.* 
(Annales  des  Fonts  et  Chaussees,  August,  1896.) 

Cost  op  Wobking  per  Toit-mile. 


12-toa  Boiler. 

16-ton  EoUer. 

19-ton  Roller. 

Coal,  etc 

Wagijs 

Repairs 

Interest  and  depreciation  . 

•674d. 

M49d. 

•567d. 

•363d. 

•674d. 
•858d. 
•567d. 
•291d. 

•689d. 
•705d. 
•662d. 
•23Cd. 

In  giving  the  costs  of  the  working  of  steam  rollers  there  is  always  a 
certain  amount  of  uncertainty  as  to  what  should  be  included  in 
support  of  the  figures ;  however,  Messrs.  Aveling  and  Porter  give 
extracts  from  a  number  of  reports  on  the  working  of  their  rollers, 
from  which  extracts  'the  following  table  has  been  compiled  by  the 

author  as  being  in  a  convWent  form  for  reference. 

« 

*  Non.— The  cost  of  road-material  and  the  labour  entailed  by  its  distiibntion, 
ajid  that  of  watching,  watering,  etc.,  is  not  included. 
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APPENDIX  IV. 
By-Law  as  to  the  Fobmatiok  of  Nbw  Streets  in   this 

MSTfiOPOLISy    HADE   BY  THE  METROPOLITAN   BoAED    OF 
WOBKS     AND     ApPEOVED     BY     THE    HoME    SeCBETARY 

(published  IsT  May,  1857),  undee  the  Metbopolis 
Local  Management  Act,  1855.* 

1.  Four  weeks  at  least  before  any  Dew  street  shall  be  laid  out, 
written  notioe  shall  be  given  to  the  London  County  Council,  at  their 
office,  Spring  Gardens,  in  the  County  of  Middlesex,  by  the  person  or 
persons  intending  to  lay  out  such  new  street,  stating  the  proposed 
level  'and  width  thereof,  and  accompanied  by  a  plan  of  the  ground, 
showing  the  local  situation  of  the  same. 

2.  Forty  feet,  at  the  least,  shall  be  the  width  of  every  new  street 
intended  for  carriage  traffic ;  20  feet,  at  the  least,  shall  be  the  width 
of  every  new  street  intended  only  for  foot  traffic ;  provided  that  the 
said  width  respectively  shall  be  construed  to  mean  the  width  of  the 
carriage  and  footway  only,  exclusive  of  any  gardens,  forecourts,  open 
areas,  or  other  spaces  in  front  of  the  houses  or  buildings  erected  or 
intended  to  be  erected  in  any  street* 

3.  Every  new  street  shall,  unless  the  London  County  Council  other- 
wise consent  in  writing,  have  at  the  least  two  entrances  of  the  full 
width  of  such  street  and  shall  be  open  from  the  ground  upward. 

4.  The  measurement  of  the  width  of  every  new  street  shall  be  taken 
at  a  right  angle  to  the  course  thereof,  half  on  either  side,  from  the 
centre  or  crown  of  the  roadway  to  the  external  wall  or  front  of  the 
intended  houses  or  buildings  on  each  side  thereof ;  but  where  fore- 
courts or  other  spaces  are  intended  to  be  left  in  front  of  the  houses  or 
buildings,  then  the  width  of  the  street  as  already  defined  shall  be 
measured  from  the  centre  line  up  to  the  fence,  railing,  or  boundaiy 
dividing  or  intended  to  divide  such  forecourts,  gardens,  or  spaces 
from  the  public  way. 

•  By  the  40th  section  of  the  Local  Government  Act,  1888,  the  powers  of  thA 
Metropolitan  Board  of  Works  are  transferred  to  the  London  County  Counol,  and 
any  notioe  which  by  the  above  by-law  is  directed  to  be  given  to  or  by  the  Board 
is  now  to  be  given  to  or  by  the  Oouncil,  and  any  consent  which  might  have  been 
giyen  by  the  Board  may  be  given  by  the  Council. 
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5.  The  oarriage-waj  of  every  new  street  must  ourve  or  fall  from 
the  centre  or  crown  thereof  at  the  rate  of  three-eighths  of  an  inch  at 
the  least  for  every  foot  of  breadth. 

6.  In  every  new  street  the  kerb  to  each  footpath  must  not  be  less 
than  four  nor  more  than  eight  inches  above  the  channel  of  the  road- 
way, except  in  the  case  of  crossings  paved  or  formed  for  the  use  of 
foot  passengers ;  and  the  slope  of  every  footpath  towards  the  kerb 
must  be  half  an  inch  to  every  foot  of  width  if  the  footpath  be  un- 
pavedy  or  not  less  than  a  quarter  of  an  inch  to  every  foot  of  width  if 
the  footpath  be  paved. 

7.  In  this  by-law  the  word  "  street "  shall  be  interpreted  to  apply 
to  and  include  any  highway  (except  the  carriage-way  of  any  turnpike- 
road),  and  any  road,  public  bridge  (not  being  a  county  bridge),  lane, 
footway,  square,  court,  alley,  or  passage,  whether  a  thoroughfare  or 
not,  and  a  part  of  any  such  highway,  road,  bridge,  lane,  footway, 
square,  court,  alley,  or  passage. 

8.  In  case  of  any  breach  of  the  regulations  contained  in  this  by- 
law, the  offender  shall  be  liable  for  each  offence  to  a  penalty  to  40s., 
and,  in  case  of  a  continuing  offence,  to  a  further  penalty  of  20s.  for 
each  day  after  notice  thereof  from  the  London  County  Council. 
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ADAMANTEAN  concrete 
pavement,  294 

Advantages  of  brick  as  a  paving 
material,  312-314 

American  Commission  on  brick 
pavements,  report  of,  318 

Appendices,  412-467 

Application  of  the  steam  roller  to 
the  formation  of  the  foimda- 
tions  of  new  roads,  420,  421 

Argentine  Republic,  native  woods 
in,  224,  226 

Armstrong,  Addison,  and  Co.'s 
mel^od  of  oreosoting  timber, 
256-260 

Artificial  granite  pavements,  322 

Artificial  stone  pavements,  336 

Asphalte  footpath  pavements, 
367-369 

Asphalte  for  pavement,  17,  130  ; 
artificial  asphalte,  131 ;  wheel- 
tracks,  134,  214,  284-311,  367- 
369 

Asphalte,  Bamett's  liquid  iron, 
pavement,  292,  300,  306,  306, 
308,  309,  310;  cost,  310; 
wear,  306,  306,  307 

Asphalte,  Bennett's  foothold  me- 
tallic, pavement,  293,  294 

Af^halte  pavement,  oompressed, 
290,  291,  296-298 

Asphalte  pavement,  first  use  of, 
286  ;  in  Manchester,  310,  311 

Asphalte,  liUie's  composite, 
pavement,  294 

Ai^halte,  Limmer  mastic,  pave- 
ment, laid  in  the  Oitj  of  Lon- 
don, 291,  292,  800,  306,  306, 


307,  309,  310 ;  cost,  273,  807, 
310 ;  wear,  306,  306,  307 

Asphalte,  Maestu  compound, 
pavement,  293 

Asphalte,  Montrotier  compressed, 
pavement,  292,  300,  306,  306, 
307;  cost,  292;  wear,  306, 
306, 307 

Asphflilte,  objections  to  as  a  pav- 
ing material,  284,  286 

Asphalte,  patent  British,  pave- 
ment, 292 

Asphaltes,  Society  Fran<;aise  des, 
pavement  by,  292,  293,  300, 
306,  306 

Asphalte,  Stone's  slipless,  pave- 
ment, 293 

Asphalte,  Trinidad,  pavement, 
296,  296 

Asphalte,  Val  de  Traveni,  pave- 
ment, laid  in  Paris,  290 ;  in 
the  City  of  London,  290,  291, 

300,  303,  304,  309,  310 ;  cost, 
273,  286,  290,  291,  310;  wear, 

301,  803,  304,  307;  average 
wear,  308 

Asphalte,  Whinerys,  pavement, 
294,  296 

Asphalte  joints,  granite  pave- 
ment with,  in  Manchester, 
199;  in  the  City  of  London, 
298,  299 

Asphalte  pavement,  wear  of,  301, 

302,  303,  304,  305,  306,  807 
Asphalte  pavements,  284  : — Val 

de  Travers  asphalte  laid  in 
Paris,  286;  asphalte  pave- 
ments in  the  City  of  London^ 
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290  ;  cost,  310 ;  in  Manohester, 

310,  311 ;  inAmerica,  287—290 
A^halte-gfranite    pavement,   in 

Manchester,  199 ;  in  the  City 

of  London,  298 
Asphaltio  wood  pavement.  264- 

266,  272,  273 


BALFOTJE,  MR.  D.,  on  the 
cost  of  maintenance  of 
macadam  roads  at  Sunderland, 
161 

Bamett's  liquid  iron  asphalte 
pavement,  292  (See  Asphalte, 
BametVa,  &o.) 

Bany,  Sir  J.  Wolfe,  paving  of 
Tower  Bridge,  269 

Bartsoh,  Peters  &  Co.,  Messrs., 
method  of  preserving  timber, 
261 

Basle,  experiments  with  wood 
pavements  in,  260,  251 

Bennett's  foothold  metallic  as- 
phalte pavemeut,  293,  294 

Berry,  Messrs.  Henry  &  Co., 
Ld.,  machine  for  making  arti- 
ficial flags,  343-345 

Best  vitrified  brick  for  paving 
purposes,  316,  317 

Bethell,  Mr.  John,  on  preserving 
timber,  255,  256 

Bingham'spatent  paving,  323,324 

Birmingham : — Wear  and  cost  of 
macadamised  roads,  by  Mr.  J. 
P.  Smith,  155;  comparative 
cost  of  macadam  and  paved 
roads,  by  Mr.  W.  Taylor,  158  ; 
cleansing  the  streets  of,  380 

Blackfriars  Bridge,  stone  pave- 
ment, 173,  187 

Blair,  Mr.  W.  N.,  on  capacity  of 
wood  blocks  for  absorbing 
moisture,  249 

Blocks,  size  of,  for  wood  pave- 
ment, 242,  243 

Blue  brick  road  pavements,  Staf- 
fordshire, 319 

Blue  brick  footpath  pavements, 
346-349 

Blue  Staffordshire  brick  curbs, 
369-371 


Blue  Staffordtthire  brick  channel* 
ling,  373 

Bode,  Baron  de,  on  wood  pave- 
ment in  Russia,  13 

Bokeberg,  Herr  E.,  on  the  inter- 
spaces  in  broken  metal,  145 

Boning  rods,  134 

Boulder  pavement,  11 ;  in  the 
City  of  London,  173  ;  in  Liver, 
pool,  195;  in  Manchester,  198 

Boulton,  Mr.  S.  B.,  on  preserv- 
ing  timber,  256 

Breaking  and  conveying  metal- 
Ung,  422,  423 

Brick  curbs,  368-371 

Brick  footpath  pavements,  346- 
350 

Brick  road  pavements,  312-320 

British,  patent,  asphalte  pave- 
ment, 292 

Brown,  Mr.  Ednie,  report  by,  on 
forests  of  Western  Australia, 
223,224 

Browne,  Major  James,  on  moun- 
tain roads,  393,  395 

Buckley  bricks  for  pavisg  foot- 
paths, 350 

Burgoyne,  Sir  John,  on  road- 
rolling,  11 ;  appendix,  412 

By-law  as  to  the  formation  of 
new  streets  in  the  Metropolis, 
456,  457 


CARBOLINEUM  Avenarius, 
260-262 

Carey's  wood  pavement,  17,  231- 
236,  273 

Carriage  crossings,  373 

Carriage-way  pavements,  as- 
phalte. City  of  London,  300 

Carriage-way  pavements,  com- 
parison of,  326-332 

Cast-iron  paving,  321,  322 

Cellular  iron  pavement,  322 

Cement  concrete  curbs,  371 

Chalk  as  a  building  material  for 
roads,  90 

Channel,  inclination  of,  226-228 

Channelling,  372,  373 

Characteristic  features  of  foot- 
pathS;  genera],  333,  334 
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Charie-Maraameson  performance 
of  Flemish  horses,  410 

Chemical  process  of  manuf  actnr- 
ing  artificial  stone,  339-343 

aty  Engineer,  Chicago,  on  brick 
pavements,  314 

City  of  London,  wood  pavements, 
table  of,  270,  271 ;  wear  of,  279 

Clark,  D.  K.,  on  the  performance 
of  horses,  411 

Cleansing  of  roads  and  streets, 
375.  (See  Hoods  and  Streets, 
Cleansing  of) 

Clinker  stone  paving,  338,  339 

Combination  sett  paving,  324, 325 

Commercial  Boad,  stone  tram- 
ways in,  209 

Comparative  convenience  of  pave- 
ments, 331 

Comparative  wear  of  wood  pave- 
ments as  reduced  to  traf^c 
standard,  283 

Comparative  costs  of  pavements, 
326-329,  332 

Comparative  slipperiness  of  pave- 
ments, 329-331 

Comparison  between  hard  and 
soft  wood  pavements,  276,  277 

Comparison  of  carriage-way 
pavements,  326-332 

Composite  curbs,  372 

Composite  pavement,  294 

Compressed  asphalte  block  road 
pavement,  296,  297 

Compressed  asphalte  foo1:path 
paving,  358,  359 

Compound  metallic  paving,  Me- 
tropolitan, 321 

Compound  wood-and-stone  pave- 
ment, 322 

Concrete  as  a  foundation  for 
roads,  by  Mr.  Hughes,  81 ; 
and  by  Mr.  Penfold,  81 

Concrete  pavement,  McDonnell's 
adamantean,  294;  Mitchell's, 
323;  Stuart*s  granolithic,  351- 
355  ;  Imperial  Stone  Company, 
355;  granite  chippings  and 
Hilton  and  Anderson's  cement, 
355,  356 ;  ordinary  concrete, 
356 

Concrete  roads,  by  Mr.  Joseph 
Mitchell,  162 


Construction  of  roads,  40,  79; 
earthwork,  40  ;  working  plan, 
40 ;  slopes,  43,  46  ;  drainage, 
46,  70 ;  embankments,  47 ; 
catch-water  drains  and  cross 
drains,  48 ;  roads  on  the  side 
of  a  hill,  48 ;  side -cuttings, 
49  ;  spoU-bank,  50 ;  maximum 
gradients,  63,  65 ;  minimum 
gradients,  64 ;  foundation  and 
superstructure,  79 ;  three  kinds 
of  foundation,  80 ;  concrete 
foundation,  by  Mr.  Hughes, 
81 ;  and  by  Mr.  Penfold,  81 ; 
foimdation  of  pavement,  by 
Mr.  Telford,  83 ;  broken  stone 
first  recommended  by  Mac- 
adam, 86 ;  Mr.  Hughes  on 
broken  stone  covering,  88 ; 
chalk  as  a  binding  material, 
90 ;  Mr.  Walker  on  iron  scraps, 
as  a  binding  material,  91  ; 
foundation  for  paved  streets, 
109 ;  materials  employed  in 
the  construction  of  roads  and 
streets,  123 ;  modem  maca- 
damised roads,  134 

Contour  lines  and  maps,  24 

Contour  of  roads.  (See  Level  and 
Contour) 

Cooper,  Mr.  C.  H.,  on  tar  pave- 
ment for  footpaths,  363-365; 
on  carriage-crossings,  374 

Cork  bricks  for  paving  footpaths, 
350 

Cost  of  asphalte  pavements,  310, 
326,  327,  328,  329 

Cost  of  macadamised  roads,  151, 
156,  158,  161,  162,  163 

Cost  of  stone  pavements : — ^First 
cost  and  repair  of  streets  in 
the  aty  of  London,  171,  183, 
184,  188 ;  Euston  pavement, 
176;  experimental  paving  in 
Moorgate  Street,  177 ;  Ix>n- 
don  Bridge,  186;  Blackfriars 
Bridge,  187;  Liverpool,  194, 
195 ;  comparative  costs,  329 

Cost  of  Bteam-rolUng  and  scari- 
fying. 437-441 

Cost  of  wood  pavements,  231, 
272-279,  274 

Cost  of  Yorkshire  paving,  329 
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CieoBoted  wood-paying  blocks, 
256-260 

Orosbie,  Mr.  G.  J.,  on  average 
cost  of  foot  pavements,  329 

Crossings,  112,  373,  374 

Ganningham,  Mr.  J.  H.,  on  the 
cost  01  com^raotion  of  macadam 
roads,  near  Edinburgh,  Glas- 
gow, and  Carlisle,  162 

Curbs,  110,  366-373 


DAWSON,  MR.  G.  J.  CROS- 
BI£,  cost  of  ligno  mineral 

pavement,  273 
Debanve,  resistance  to  traction 

on  common  roads,  406,  407 
De  Boissien,  Mjr.,  on  preserving 

timber,  255 
Depnit,  M.,  on  the  gradients  of 

roads,   64;    on  the   width  of 

surface    of   t3rres  in   contact, 

144  ;  experiments  on  resistance 

to  traction,  406 
Derb}',     cost    of     macadamised 

slreets  in,  by  Mr.  E«  6.  Ellice- 

Clarke,  158,  161 
Dimensions  of  hard- wood  paving 

blocks,  217,  218 
Dimensions    of    paving    bricks, 

314 
Dimpfl    and  Polotti,  pavement, 

322 
Dobson,  Mr.,  on  mountain  roads, 

395,  400 
Dockray,  Mr.,  his  opinion  of  the 

Euston  pavement,  176 
Dowelled  wood  pavement,   269, 

270,  274 
Drainage,  46,  48,  74 
Duflpy,  Mr.  William,  system  of 

wood  pavement,  269,  270,  274 
Dumas  on  French  roads,  19 ;  on 

gradients    of  roads,    63 ;    on 

modem  macadamised  roads  in 

France,  165 
Duration  and  repair  of  asphalte 

pavements,  305,  306 
Duration   of    wood    pavement, 

estimated,  281 


PARTHWORK,  40  ^ 

Eastonsand  Anderson  on  resist- 
anoe  of  carts  and  waggons,'  408 

Eayrs,  Mr.  J.  T.,  on  brick  pay- 
ing for  caniage-ways,  313 

Economical  results  of  the  general 
use  of  steam  road-rolHng  in 
the  metropolis,  424-429 

Edgeworth,  on  the  construction 
of  roads,  9 

Edinburgh,  Glasgow,  and  Car- 
lisle, cost  of  construction  of 
macadam  roads  near,  by  Mr. 
J.  H.  Cunningham,  162 

Eliice-Clark,  Mr.  E.  B.,  on  the 
oost  of  macadamised  streets  in 
Derby,  158, 161 ;  estimate  oost 
for  paving  and  maintaining 
streets  in  Derby,  273 ;  com- 
parative cost  of  yarious  road 
surfaces,  327 

Embankments,  47 

Estimated  duration  of  wood  pave- 
ment, 281  (See  also  Life  of 
Wood  Favements) 

Estimates,  taking  out  quantities 
for,  1 14 

Ewart,  Lt.-Col.,  C.B.,  on  proper 
principles  of  drainage,  389, 
390 

Excavation  of  roadway  for 
foundations,  225 

Experimental  pavements,  various, 
250-251 

Exploration  for  roads,  21 ;  laying 
out.  21,  36;  contour-lines  and 
maps,  24  ;  working  sections,  37 

Extent  of  asphalce  pavement  in 
the  City  of  London,  300 

Extract  from  the  Report  of 
Colonel  Haywood,  435-449 


FAREY,  MR.  JOHN,  on  the 
work  of  horses  and  the  wear 
of  road,  140 
Fences,   104     (See    Hedges    and 

Feneee) 
First  cost  of  wood  pavement  in 
the  Metropolis,  275 
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First  use  of  asphalte  paTements, 
286 

Foothold  metallio  asphalte^  293 

Footpaths,  77,  112;  stones  used 
for,  128,  333-374 

Foster,  P.  Le  Neve,  Jnn.,  on  tram- 
ways in  Milan,  209 

Foundations  for  pavements,  108, 
109 

Foundations  of  asphalte  pave- 
ment, 286-290 

Foundations  of  briok  pavements, 
315 

Foundations  of  wood  pavements, 
228,  229 

Foundations  of  hard- wood  pave- 
ment, 244 

Foundations  of  roads,  79  (See 
Construction  ofSoads) 

France,  roads  in,  18, 165  ;  cost  of 
steam-rolling,  437  (See  Boada 
in  France) 

Fraser,  Sir  Malcolm  A.  C,  on 
areas  of  hard  woods  in  Aus- 
tralia, 224 


GABRIEL'S  wood  pavement, 
268,  271 
Gkrchez,  pierre  deverre,  320,  329 
General  oharacteristic  features  of 

footpaths,  333,  334 
Glass  paving  bricks,  320,  329 
Gradients,    maximum,    63,   65 ; 

minimum,  64 
Granite,  122;  comparative  wear, 

126 ;  in  London,  326 
Granite  pavement,  artificial,  Po- 

letti  and  Bimpfl's,  322 
Granite  pavement  with  asphalte 

joints,  298,  299 
Granite    tramways,     209    (See 

Stone  Tramways) 
Greywack^,  127 


HAMBLETT'S  light  blue  brick 
paving,  346,  350 
Hard-wood  pavements,  242-264 
Hard-wood   paving   blocks,   di- 
mensions of,  217,  218 


Hard- woods  for  paving  purposes, 
superiority  of,  229, 230 

Harrison's  wood  pavement,  206 

Havwood,  Colonel,  reports  of,  to 
the  Commissioners  of  Sewers 
of  the  Oity  of  London,  170; 
earliest  carriage  -  way  pave- 
ments in  the  Oity  of  London, 
171 ;  pavements  in  1848,  length 
of  carriage-way  in  1851  and 
1866,  thnie-lnch  granite  sets 
made  the  best  pavements,  174 ; 
experimental  paving  in  Moor- 
gate  Street,  177  ;  traffic  in  the 
City  of  London  in  1850,  1857, 
1865,  and  1871,  181 ;  duration 
of  three-inch  set  pavements, 
182;  cost,  184;  on  compara- 
tive convenience  of  pavements, 
331;  on  comparative  slipperi- 
ness  of  pavements,  329-331 ; 
on  the  wear  and  cost  of  paving 
for  London  Bridge,  185  ;  esti- 
mate of  durabili^  and  cost  of 
pavements  in  principal  streets 
of  the  City,  187;  typical  sec- 
tions of  a  fifty-feet  street,  188 ; 
on  asphalte  -  jointed  granite 
pavements,  299  ;  table  showing 
the  condition  of  wood  and 
asphalte  carriage-way  pave- 
ments in  the  City  of  London, 
on  1st  February,  1877,  442 

Hedges  and  fences,  104 ;  stone 
fences,  104 ;  post  and  rail 
fence,  105 ;  quickset  hedge, 
105 ;  Professor  Mahan  on 
fences,  106  ;  Sir  John  Macneii 
on  the  evil  of  close  fences, 
106  ;  Mr.  Walker  on  the  same, 
106 

Henson's  wood  pavement,  266, 
267,  273 

Hering,  Mr.  Rudolph,  on  traction 
on  various  road  surfaces,  332 

History  of  horse  road-roUing, 
429-437 

History  of  steam  load-roUing, 
432-437 

Homberg,  Mr.,  on  preserving 
timber,  255 

Hooley,  Mr.  E.  P.,  on  tar  foot- 
path pavements,  360-363 
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Hope,  D.  T.,  his  experiments  on 
wear  of  wood  in  pavements, 
132 

Horse  traoks,  1 

Hughes,  Mr.,  on  the  form  of  the 
bed  of  a  road,  73  ;  on  broken- 
stone  covering,  88;  concrete 
foimdation  by,  81 


IMPERIAL  stone  paving,  343, 
355 
Improved  wood  pavement,  237- 

241,  272,  273,  274 
Inclination  of  Channels,  226-228 
India,  road-making  in,  393-400  ; 

the  Grand  Trunk  Road,  396 
India,  stones  in,  127 
Intersection  of  streets,  bloddng 

of,  220 
Iron  curbs,  371,  372 
Iron  paving,  cast,  321,  322 
Iron  paving,  cellular,  322 
Iron-scraps  as  a  binding  material 

for  road,  91 


JOINTING.  243,  244 
Jointing  of  brick  pavements, 
317,  318.    (See  also  Laying  and 
Jointing) 


KELSEY,  MR.,  on  cost  for  re- 
pair of  early  stone  pave- 
ments in  the  City  of  liondon,  171 

Kirkcaldy,  Messrs.  D.  &  Son,  on 
strength  of  adamant  stone,  337; 
Stuart's  granolithic  pavement, 
354 

Krapp,  General,  cast-iron  pave- 
ment, 321,  322 

K.unker,  128 

Kyan,  Mr.  J.  H.,  on  preserving 
timber,  255 


T  ATERITE,  127 

Laying  and  jointing  wood  paving 


blocks,   method   of,    218-220, 
243 

Laying  bricks,  method  of,  315» 
316 

Lee,  Mr.,  experiments  in  deans- 
ing  the  stilts  of  Sheffield,  386 

Letheby,  Dr.,  on  composition  of 
street  mud,  375,  376 

Level  and  contour  of  road,  225, 
226 

Life  of  wood  pavements,  282 

Ligno-mineral  pavement,  263, 
264,  270,  273,  274 

Lillie*s  composite  pavement,  294, 

Limmer   mastio   asphalte  pave- 
ment,   292.      (See    AsphtUte 
Zimmer,  &c ) 

lisle.  Count  de,  his  wood  pave- 
ment, 16 

Liverpool,  stone  pavements  of, 
193.     (See  Stone  Favementa) 

Lloyd's  keyed  system  of  wood- 
paving,  218 

Lohr*8  patent  paving,  324 

London,  boulder  pavement,  11 ; 
Mr.  Telford's  system  of  pave- 
ment, 12 ;  Macadam's  pave- 
ment, 13 ;  construction,  wear, 
and  cost  of  metropolitan  roads, 
134,  138,  151 ;  deansing  and 
watering  the  streets  of,  375- 
892 ;  watering  the  streets  with 
jet  and  hose,  384-388 

London  Bridge,  construction, 
and  wear  of  stone  pavement, 
185 

London,  City  of,  first  Act,  for 
paving,  11;  paved  withboulders 
11 ;  macadamised  streets,  13  ; 
stone  pavements,  169 ;  wear  of 
granite  pavements,  203 ;  wood 
pavements,  216-283 ;  asphalte 
pavements,  284-311  (See  Stone 
Pavements,  Wood  Pavements, 
Asphalte  Fakements) 

Lovick,  Mr.  T.,  his  experiments 
in  cleansing  streets,  385-888 


MACADAM    in    Manchester, 
201 
Macadam,  James  L.,  on  the  old 
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foads,  7 ;  on  the  principle  of  a 
good  road,  7,  8 ;  on  the  section 
of  roads,  69 ;  use  of  broken 
stone,  86;  on  the  width  of 
tyres,  144 ;  on  the  annual  wear 
of  metalled  roads,  147 

Macadamised  roads,  leading  piin- 
oiple  of,  7 ;  total  length  of,  in 
1868-69, 10;  rolling,  10;  adopt- 
ed in  France,  19 ;  not  suited 
for  heavy  traffic,  108 ;  stones 
raited  for,  127 ;  modem  mao- 
adamised  roads,  134  (See  Cofh 
itruetion  ofHoadt) 

Macadamised  roads,  modem,  con- 
straction  of,  134 ;  first-class 
melaropolitan  roads,  184;  second- 
dlass  metropolitan  roads,  135 ; 
country  roads,  135 ;  construc- 
tion proposed  by  a  committee 
of  the  Sodely  of  Arts,  137 ; 
wear,  138 ;  disadvantage  of 
elasticity,  138 ;  relatiye  wear 
due  to  the  action  of  horse- 
shoes and  of  wheels,  140,  144 ; 
rounded  tyres  injurious,  141 ; 
width  of  surface  in  contact  with 
tyres,  144;  interspaces  in  broken 
stone,  145 ;  analysis  of  crust 
of  macadamised  road,  by  Mr. 
Mitchell,  146 ;  annual  wear, 
147;  rules  for  wear,  148; 
maintenance  of  roads  in  the 
metropolis,15] ;  suburban  high- 
ways, 153  ;  local  roads,  165 ; 
Birmingham,  155 ;  Derby,  158 ; 
Sundermnd,  161 ;  districts  near 
Edinburgh,  Glasgow,  and 
Oarlisle,  162 ;  macadamised 
roads  in  France,  165 ;  in  Man- 
chester, 201  (See  Wear  and 
Oast) 

Machine  for  the  manufacture  of 
artificial  fiags,  343-345 

Mackintosh,  Mr.  H.,  on  jarrah 
paving  blocks,  252 

Macneil,  Sir  John,  experiments 
by,  on  resistance  to  traction,  52, 
409 ;  on  inclination  of  roads,  63 ; 
on  close  fences,  106;  on  elas- 
ticiiy  of  the  road,  188 ;  on  the 
weight  of  vehicles  and  width 
of  tyres,  142 ;  experiments  on 


reostanoe  of  granite  tnun- 
ways,  209 

Maeetu  compound  asphalte,  298 

Malum,  Professor,  on  side  dopes, 
43 ;  on  the  angle  of  repose,  61 ; 
on  maximum  gradients,  63 ;  on 
the  form  of  cross  section,  72 ; 
on  the  height  of  fences,  106 

Manchester,  asphalte  pavements 
in,  310, 311 

Manchester,  olfiansing  the  streets 
of,  377,  383 

Marot,  Mr.  Benjamin,  on  brick 
pavements,  313,  314 

Marshy  soils,  brushwood  sub- 
structure  in,  77 

Mason,  Mr.  Oharles,  on  compara- 
tive duration  of  deal  and  jarzah 
paving  blocks,  251 

Mastic  asphalte  footpath  pave- 
ments, 857, 358 

Materials  employed  in  the  con- 
struction of  roads  and  streets, 
122 :— stones,  122 ;  granite,122; 
its  crushing  resistance,  124 ;  ab- 
sorbent power  of  stones,  125 ; 
advantage  of  a  paving  material 
312-314;  trap  rocks,  135;  com- 
parative wear  of  stones,  126; 
Mr.  Walker  on  wear  of  granites, 
126  ;  Greywack6,  127 ;  stones 
suited  for  macadam,  127; 
stones  in  India,  127  ;  stones  for 
footpaths,  128 ;  lor  curbs,  130 ; 
asphalte,  130;  artificial  as- 
phalte, 131 ;  wood,  131 ;  its 
crushing  resistance,  182 ;  Mr. 
D.  T.  Hope's  experiments  on 
wear,  132;  for  paving  foot- 
paths, 334 

MoDonndl's  adamantean  con- 
crete pavement,  294 

McDougall,  Mr.,  combination 
sett  paving,  324,  825,  374 

Mechanical  process  of  manufao- 
turinff  artificial  stone,  887-339 

Metalled  roads  (See  Kaeadam' 
ised  Roads) 

Metallic  lava  paving,  339 

Metallic  paving,  321,  322 

Method  of  laymg  biick  for  pave- 
ments, 315,  816 

Method  of  laying  and  jointing 


H  u 


466 


INDEX. 


wood  paving  blocks,  218-220, 

257-269 
Metropolifly  wood  paTements  in, 

271 
Metropolitan  oompoand  metallio 

payinff,  321 
Metropolitan    Wood    Pavement 

Company's  pavement,  16 
Miohelm,  mean    values   of   oo- 

effioients  of  traction,  411 
Milan,  stone  tramways  in,  210 
Mitchell,    Mr.    Joseph,  on   the 

interspaces  in   broken   stone, 

145 ;  analysis  of  the  cost  of  a 

maiwlam  road,  146;  concrete 

road,  162 ;  concrete  pavement, 

823 
Moll,  Mr.  Franz,  on  preserving 

timber,  255,  256 
Montrotier  compressed  asphalte 

pavement,  246   (See  Asphalte, 

Montrotier,  &c.) 
Morin's  experiments  on  resistance 

to  traction,  51,  405 
Mountain  roads,  393,  400 
Mowlem's  wood  pavement,  267, 

268,  273 
Mnd,  removal  of,  96 ;  composi- 
tion of,  375-382 


NATUBAL   stone    pavement, 
334-336 
Necessary  quantities  of  paving 

bricks,  314,  315 
Kewlands,  Mr.,  on  the  streets  of 

Liverpool,  322 
Nicolson's  wood  pavement,  237 
Norton's  wood  pavement,  267 
Norrington,  Mr.  J.  P.»  on  hard- 
wood pavements,  246,  253,  271 


OBJEOnONS  to  asphalte  as  a 
^ving  material,  284 
Ontario  Department  of  Agricul- 
ture, prov.  inst.  of,  on  brick 
pavements,  317 
Other  wood  pavements,  263-271 
Other  pavements,  321-325 


PAOK  HORSES,  1 
Paget,  F.  A.,  his  data,  149, 
151,  420 

Paris,  cleansing  the  streets  of, 
288 

Patent  paving,  Bingham's,  323, 
824 

Patent  paving,  Ldhr's,  321 

Paved  roads  and  streets,  108 ; 
foundations.  108  ;  mode  of  pre- 
paring surface  for  pavement, 
109 ;  construction  of  foundation, 
109  ;  stone  sets,  109 ;  curb,  110; 
pavement  for  inclined  streets, 
112 ;  side  walls  and  crossings 
places,  112 

Pavement,  boulder  (See  BotHder 
Pavement) 

Pavement,  cast-iron,  321,  322 

Pavement,  cellular  iron,  322 

Pavement,  compound  wood  and 
stone,  322 

Pavement,  granite,  estimated  cost 
of,  in  Birmingham,  158 ;  in 
Derby,  160,  161 

Pavement,  granite,  artificial,  322 

Pavement,  metallic,  321,  322 

Pavement,  stone  (See  Stone 
Pavement) 

Pavement,  wood  (See  Wood 
Pavement) 

Pavements,  carriage-way,  com- 
parison of: — cost,  326 ;  sUpperi- 
ness,  310,  329-331 ;  conveni- 
ence, 331 ;  cleanliness,  388 

Pavements,  experimental,  vari- 
ous, 250,  251 

Pavements,  hard-wood  duration 
of,  251-254 

Pavements,  brick  (See  Priek 
Pavements) 

Pavements  for  footpaths,  laid  in 
aitu,  350-365 

Paving  bricks,  dimensions  of ,  314 

Penfold,  Mr.,  on  repairs  of  roads, 
95;  concrete  foundation  by, 
81 

Picking  up  roads  by  steam,  422 

Pierre  de  verre  Garohez,  820, 
329 

Pinchbeck,  Mr.  G^rge,  on  cost 
of  maintaining  suburban  high- 
ways, 153 
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Poletti    and   Dimpfl's  artificial 

granite  payement,  322 
Poloncean  on  road  rolling,  20 
Preservatiye    processes.  Yarions, 

255-262 
Freseryedwood  payements,  255 
Principal  woods  employed  at  ihe 

present  time  for  paying  pur* 

poses,  220-225 
ProYis,    Mr.,    cm    elastioity    of 

roads,  138 


QUALITIES  of  payinff  bricks, 
314,  315 
Quantities  for  estimates,  taking 
out,  lU 


RANSOMB'S  stone  paying, 
340-343 

Beading,  cleansing  the  streeti  of, 
384 

Bedman,  Mr.,  on  the  wear  of 
macadam  in  Conmieroial  Boad, 
148 

Beid,  H.,  Mr.,  on  strength  of 
Victoria  stone,  340 

Bepairing  and  improyinff  roads^ 
93;  improyement  of  we  sur- 
face, 93  ;  lifting  the  road,  94 ; 
Mr.  Penf  old  on  repairs,  95 ;  re- 
moyal  of  mud,  96  ;  tools  or  im- 

Slements  formerly  employed, 
3;  scraping  machines,  103; 
Whitworth's  sweeping  ma- 
chine, 108 

Report  of  American  Gommission 
on  brick  payements,  318 

Beport  of  the  special  committee 
of  the  Paddingtcm  Vestry,  276 

Besistance  to  traction  on  common 
roads,  51, 401-411 ;  M.  Moiin's 
experiments,  51, 405 ;  Sir  John 
Maoneil's  experiments,  52 ; 
rales  for  resistance,  55 ;  influ- 
ence of  inclines,  56 ;  angle  of 
repose,  61 ;  Sir  John  T^ffn^ll 
on  gradients,  Professor  Mahan 
on  gradients,  M.  Dumas  on 
gradients,  68;  M.  X)upuit  on 


gradients,  64 ;  mininniTn  longi« 
tndinal  slope,  64.  Boiling  re- 
sistance, 401-405 ;  condusions 
and  data  of  M.  Dnpuit,  406 ; 
M.  Debanye,  406,  407;  M. 
Tresca,  407,  408;  Messrs. 
Easfcons  and  Anderson,  408 ; 
Sir  John  Macneil,  409-410 ; 
Icwmula,  410;  M.  Ghaii6-Mar- 
saines'  data,  410,  411 ;  B.  K. 
COark's  data,  411 ;  Michelin, 
mean  yalues  of  co-efficients  of 
traction,  41 L 

Besistance  of  granite  tramways, 
209 

Bteum6  of  the  main  adyantages 
of  steam  road-roUing,  423, 424 

Bichards,  Mr.  B.  W.,  on  woods 
for  paying  purposes,  222,  223 

Bead  crossings,  374 

Bead,  modern  country,  136 

Boad-roUing,  10 ;  in  France,  20, 
167 

Boads  and  streets,  cleansing  of, 
375-392 ;  composition  of  mud 
and  detritus,  376,  377,  382- 
383 ;  cleansing  streets  of  Man- 
chester, 377, 383 ;  Whitworth's 
machine,  378;  cleansing  streets 
of  Salfi>rd,  380 ;  of  Birming- 
ham, 380,  381 ;  of  Beadingr, 
884;  watering  the  streets  of 
London,  384,  385;  Mr.  T. 
Loyidk's experiments,  385-387; 
Mr.  Lee's  experiments  at  Shef- 
field, 386 ;  cleansirg  in  Paris, 
388;  M.  Tailfer*s  machine, 
388 ;  general  obseryations  on 
cleansing  of,  388-392 ;  destruc- 
tion of  payements  by  water 
and  gas  companies,  391 ;  com- 
paratiye  facility  of  scayenging 
asphalte  and  block  payements, 
391,  392 

Boads,  construction  of,  40,  79 
(See  Cofutruetion  of  Boads) 

Boads,  exploration  for,  21  (See 
Exploration  for  £oads) 

Boads  in  Prance : — old  roads,  1 8 : 
Tr6saguet*s  roads,  19;  Mac- 
adam's system  adopted,  19 ; 
horse-roller  adopted,  20 ;  mo- 
dem macadamised    roads    in 
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France,  165;   M.  Dnmas  on 

their  oonstraotion,  166 ;  rolling 

and  watering,  167 
Roads,  metalled  or  macadamJHod 

(See  MaeadamUed  Boads) 
Beads,  monntain,  393-400 
Roads,  old  oountiy,  3 ;  ICr.  Mao- 

adam's  opinion  of,  7 
Roads,  paved,    108  (See   Pavtd 

Soadt  and  Streets) 
Iloads,  repairing  and  improving, 

93   (See    S$painng   and    Im' 

proving  Boade) 
Roads,  seotion  of,  65.    (See  Seo' 

txon  ofSoads) 
Rolling  new-made  roads,    412- 

419 
Royle,  Mr. ,  on  cleanning  of  streets 

of  liCanchester,  383 


-  « 


SALFORD,  cleaning  the  streets 
of,  380 

Sandstone,  strength  and  ahsdrb* 
ent  power  of,  125 ;  laterite  in 
India,  127 ;  for  footpaths, 
128 ;  composition,  weight  and 
strength,  129 ;  comparative 
dorabiU^,  129 

Sanitazy  aspect  of  wood  pave- 
ments, 248-260 

Sanitary  block  pavement  for 
roads,  296-298 

Sanitary  block  pavement  for  foot- 
paths, 349,  350 

Sanitary  Block  and  Tile  Pave* 
ment  Ck>.,  Ltd.,  296 

Scoriae  paving  bricks  or  blocks, 
319,  320 

Scraping  machines  for  macadam 
roads,  89 

Section  of  roads,  65 ;  limits  of 
gradients,  66 ;  width  and  trans- 
verse section  of  roads,  68  ;  Mr. 
Macadam  on  the  section  of 
roads,  69  ;  Mr.  Walker  on  the 
section  of  roads,  70 ;  and  on 
drainage,  70 ;  best  form  of  sec- 
tion, 71  ;  section  of  the  bed, 
72  ;  Mr.  Hughes  on  the  form 
of  the  bed,  73  ;  drainage  of  the 


road,  74 ;  footpaths,  77 ;  brush- 
wood sabstmctore  in  mareby 
soils,  77,  91;  imperfect  seo- 
tions,  94 
Sections,  working,  for  zoads,  37 
Sett   paving,  combination,  824, 

325 
Seyasel  asphalte,  131, 188 
ShefGLeld,  cleaning  the  streets  at, 

386 
Side-onttings,  49 
Sidewalks,  112 
Slipless  asphalte  stones,  298 
Slipperiness  of  pavements,  com- 
parative, 329,  331 
Size  of  blocks  for  wood  pavement, 

242,  243 
Slopes,  43, 46 

Snuth,  Mr.  J.  P.,  on  maoadamised 
roads  in  Birmingham,  155 

Smith,  Mr.  Walter  Alexander,  on 
hard-wood  paving  in  Sydney, 

243,  245,  247 

Soci6ti§  Fran(;aise  des  Aspbaltes, 
292,  293,  300,  305,  306 

Sociely  of  Arts,  Report  of  Com- 
mittee of,  on  Traction  on 
Roads,  209 

Special  suitableness  of  road-roll* 
ing  to  a  moist  dlimate,  420 

Spoil-bank,  50 

Staffordshire  blue-brick  pave- 
jDDents,  319 

Stavton,  Mr.,  on  method  of 
blocHng  at  intersection  of 
streets,  220 ;  on  use  of  blocks 
cut  from  Swedish  yellow  deals, 
220-222 ;  rule  by  for  level  and 
contour  of  road,  226 ;  on  found- 
ations, 228 ;  on  method  of  lay- 
ing wood  blocks,  229 ;  on  pre- 
serving timber,  260  ;  on  annual 
oost  of  various  wood  pavements, 
278 

Stead's  wood  pavement,  15 

Stone  curbs,  365-367 

Stone  pavement,  169;  City  of 
London,  169;  early  paving, 
169  ;  pavement  of  King  Wil- 
liam Street,  170  ;  table  of  early 
pavements,  171;  table  of  cost 
for  repairs  of  early  pavement, 
172 ;    introduction   of    three- 
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moh  sets ;  extent  of  payement 
in  the  Oity,  173,  174;  the 
Enston   pavement^    176;  ex- 

Seiimental  paving  in  Moorgate 
treet,  177  ;  granites  that  hiaye 
been  tzied,  179 ;  rotation  of 
paving  stones,  180 ;  traffic  In 
the  Oily,  181 ;  duration  of 
pavements,  188, 187 ;  cost,  184, 
187;  London  Bridge,  186; 
Blacicfriars  Bridffe,  187 ;  typi- 
cal sections  and  plans  of  a 
fifty-feet  street,  188;  Sonth- 
vark  Street,  191.  liverpool, 
193 ;  extent  of  pavement  in 
1851, 193 ;  cost  for  construction 
of  set  pavements,  194 ;  of  boul- 
der pavements,  195  ;  and  of 
macadam,  196 ;  cost  of  main- 
tenance of  pavements,  197. 
Manchester,  198 ;  boulder 
pavement,  198 ;  construction 
of  set  pavement,  with  asphalte 
jointing,  199 ;  cost  of  pave- 
ments, 200  ;  wear  of  granite 
Savements  in  the  City  of  Lon- 
on,  203 

Stone  tramways,  209 : — ^Commer- 
cial Road,  by  Mr.  Walker,  209 , 
resistance  on,  209 ;  in  Northern 
Italy,  described  by  Mr.  P.  Le 
Neve  Foster,  Jun.,  209 ;  prices 
in  Milan,  214 ;  wheel-tracks  of 
asphalte,  215 

Stones  used  in  the  construction  of 
rGHEids,  122  (See  MaUrialt  #»i- 
ployed) 

Stone's  slipless  asphalte  pave- 
ment, 293 

Stone's  wood  pavement,  268 

Streets,  typical :—— fifty-feet  street 
for  the  City  of  London,  188  ; 
Southwark  Street,  191 

Stuart's  granolithic  stone,  338 

Stuart's  granolithic  laid  in  titUf 
351-354 

Subsidiary  applications  of  the 
steam  road  roller,  421-423 

Subsidiary  advantages  of  the 
steam  road  roller,  423 

Sunderland,  cost  of  maintenance 
of  macadam  roads  at,  by  Mr. 
D.  Balfour,  161 


Superiority  of  Hard-woodt  for 
paving  purposes,  229,  280 

Sweeping  maohine8,'Whitworfli'% 
108,  878, 879 ;  TaiUer't  888 


rnABLE,  of  weight,  horse-powez 
X  and  wheels  of  vehicles  for 
common  roads,  7 ;  length  of 
metalled  roads  in  1868-69,  10 ; 
dimensions  of  stones  recom- 
mended for  paving,  18;  side 
widths,  42;  results  of  traction 
force  to  draw  21  cwt.  on  a 
level,  52 ;  resistance  to  traction 
on  inclined  roads,  58, 59;  values 
of  resistances,  66;  gx^ents 
and  angles  of  inclination  of 
roads,  67 ;  contents  of  cuttings 
or  of  embankments,  118,  119; 
crushing  resistance  of  g^ranites, 
124 ;  crushing  strength  and 
absorbent  power  of  various 
stones,  125 ;  relative  wear  of 
granites,  126 ;  composition, 
specific  gravity,  and  stren^^ 
of  sandstones,  129;  oruslung 
resistance  of  timber,  132  ;  wear 
of  wood  blocks  in  eighteen 
months,  183;  work  done  by 
horses  per  hour  and  per  day, 
140;  weight  of  vehicles  and 
w  idth  of  tires  on  common  roads, 
142 ;  deterioration  of  common 
roads,  144 ;  analysis  of  crust  of 
macadam  road,  146 ;  cost  of 
maintenance  and  cost  of  mate- 
rial, 149 ;  macadamised  roads 
in  London,  annual  cost  of  main- 
tenance, 152;  cost  of  mainte- 
nance, 158 ;  cost  of  maintenance 
of  suburban  highwavs,  151 ; 
cost  of  maintenance,  deansing, 
and  watering,  Birmingham, 
157  ;  total  cost  for  macadam  for 
fifteen  years,  158 ;  macada- 
mised streets,  cost  of  mainte- 
nance and  cleansing,  159 ;  esti- 
mated cost  for  paving  and 
maintaining  five  streets,  160 ; 
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oowpanthre  costs  for  gvaniW  i 
pa^vemeat  and  macailain,  161 :  | 
vwetmge  annual  expenditme  of 
highways,   161 ;    earliest  car- 
riage waj  granite  payements 
in  leading  thoroughfares,  171 ; 
oost  for  reparation  of  oazriage* 
way  payements,  172  ;  lengbhs 
of  yarions  kinds  of  payementin 
the  City  of  London,  173 ;  expe- 
rimental paying  oi  Moorgate 
Street,  177 ;  experimental  pay- 
ing in  Moorgate  Street,  cost  of 
reparations,  178 ;  experimental 
paying    in   Moorgate   Street, 
oomparatiye      yolume,     178 ; 
nnmher  of  yehides  wMch  tra- 
yersed  fifteen  thoroughfares  in 
London  in  twelye  hours,  181, 
182 ;  duration  of  granite  paye- 
ments in  some  principal  streets 
in  the  City  of  London,  183, 184 ; 
estimated  duration  amd  oost  of 
granite  payements  in  principal 
carriage  ways  in  the  City  of 
Londmi,  188 ;  oost  for  construc- 
tion  per  square  yard  of  the 
carriage  ways  of  six  streets  in 
different  localities  in  Liyerpool, 
Qreywadk^  set  payement,  194  ; 
oost  lor  construction  per  square 
yard  of  the  carriage  ways  of 
six  streets  in  different  localities 
in   liyerpool.   Boulter    paye- 
ment,   196 ;    annual  cost  for 
maintenanoe  of    twenty-seyen 
'streets,  deduced  from  the  ayeor- 
age  charges  for  three  years  in 
Liyerpool,  197 ;  wear  of  car- 
riage-way payements   in   the 
City,  Aberdeen  ^anite  stones, 
203 ;  wear  ot  camag^e-way  rela- 
tiye    to    intensity   of   trafiGlo, 
Aberdeen  gfranite  Btones,  204, 
205  ;   wear   and    duration   of 
(pranite  payements,  206 ;  reca- 
pitulation of  data  on  the  wear 
and     duration     of    Aberdeen 
granite  payements,  207  ;  sche- 
dule of  prices  of  stone  tram- 
ways in  Milan,  214;  oost  of 
Carey's    wood    payement    in 
GraoBohiux^    Stx^t,    Oity   of 


London,  232 ;  cost  of  the  throe 
suooessiye  pavements,  232 ; 
Carey's  wood  payement  in  Min- 
cing Lane,  233 ;  Carey's  wood 
pavement  in  theCity  of  Londony 
234,  235 ;  strength  ol  different 
woods,  246 ;  wood  pavements 
in  the  City  of  London,  270,  271 ; 
wood  pavements  in  tho  Metro- 
polis, 271;  cost  of  wood  pave* 
ments,  272 ;  first  oost  of  wood- 
pavements  in  the  Metropolis, 
27  6 ;  reportof  special  conmiitteo 
of  the  Paddlngton  Vestiy, 
276 ;  the  oost  of  karri,  jarzah, 
and  creosoted  deal,  277 ;  annual 
cost  of  various  wood  pavements, 
278  ;  abrasive  wear  of   wood 

Sftvement,  279 ;  estimated  dura- 
on  of  wood  pavement,  281 ; 
life  of  various  wood  pavements, 
282 ;  comparative  wear  of  wood 
pavements  as  reduced  to  traffic 
standard,  283;  extent  of  as- 
phalte  carriage- way  pavements. 
City  of  London,  300  ;  duration 
and  relative  wear  of  asphalte 
pavements,  303,  304,  305,  306 ; 
wear  of  asphalte  pavement,  307; 
period  of  maintenance  of  various 
asphalte  pavements,  309 ;  cost 
of  asphalte  pavements  laid  and 
maintained  by  contract,  310; 
comparative  cost  and  duration 
of  granite,  wood,  and  asphalte 
pavements,  326 ;  comparative 
cost  of  various  road  surface^ 
327  ;  average  cost  of  foot  pave- 
ments, 329;  comparative  slip- 
periness  of  carriage-way  pave- 
ments, 330 ;  comparative  cost 
of  brick  paving  m  London  as 
compared  with  other  matsrials, 
832 ;  composition  of  mud  from 
stone-paved  streets,  horse  dung, 
and  larm-yard  dung,  375; 
sweepings  removed  froon  Man- 
chester streets,  377  ;  results  of 
^periments  in  washing  car- 
riage-way pavements.  City  of 
London,  385 ;  resistance  of 
vehicles  on  common  roads, 
406 ;  resistance  to  traction  on 
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oommon  loads,  407 ;  resnlts  of 
tests  as  to  lesistanoe  to  traction 
of  agricnltural  carts  and  wag- 
gons at  Bedford,  408 ;  traotiye 
force  required  to  draw  a  stage 
coach,  409 ;  performance  of 
horses  on  roads  in  France,  410 ; 
mean  yalnes  of  co-efficients  of 
traction,  411 ;  cost  of  steam- 
rolling  on  roads  in  France,  437 ; 
cost  of  steam  road-rolling  and 
scarifying,  438-441 ;  condition 
of  asphalte  and  wood  carriage- 
way pavements  in  the  City  of 
London,  442-455 

Tailfer^s  sweeping  machine,  383 

Tar  footpath  pavements,  359-366 

Tayler,  Wallis-,  table  of  cost  of 
steam-rolling  and  scanning, 
438-441 

Taylor,  Mr.  W.,  on  the  Enston 
pavement,  175 ;  comparative 
cost  of  macadam  and  paved 
roads  in  Birmingham,  158 

Tees  Scoriee  paving  hriokBy  819, 
320 

Telford,  his  early  experience,  9  ; 
his  fnrstem  of  road-making,  10, 
83  ;  nis  system  of  pavement  for 
London,  12;  on  the  wear  of 
roads,  141 

Tile  footpath  pavements,  349, 350 

Tools  or  implements  formerly 
employed  in  the  repair  of  roads, 
83 

Traction  on  various  road  surfaces, 
332 

Traction,  resistance  to,  51,  401 
(See  ResUtanee  to  Traction) 

Tnunway,  stone,  209  (See  Stone 
Tramways) 

Trap  rocks,  125 

Tr^saguet's  roads  in  France,  18,19 

Tresca,  M.,  on  the  resistance  of 
an  omnibus,  407 

Trinidad  asphalte  pavement,  295, 
296 


TTNTTED  STATES,  introduc- 

U     tion      of    improved     road 

pavement  from,  237  ;  asphalte 

pavementi  in,    287-290;   use 


of  brick  pavements  in,  312«818 ; 
cost  of  brick  pavements  in,  329 

VAL  DE  TRAVEBS  asphalte, 
130,  131 

Yal  de  Travers  asphalte  pave- 
ment 290  (See  Aaphdlte,  Vol 
de  Trovers  Favement) 

Various  experimental  pavements, 
250 

Various  other  types  of  bricks 
employed  for  paving  footpaths, 
350 

Various  preservative  processes, 
255,  262 

Various  road  surfaces,  traction 
on,  332 

Vehicles  on  oommon  roads  in 
1809,  7 

Victoria  Stone  paving,  339,  340 

Vitrified  brick  for  road  paving 
purposes,  best,  316,  317 

Vitrified  brick  for  paving  foot- 
paths, 350 

WALKER,  MB.,  on  the  sec- 
tion of  roads,  70 ;  on  drain- 
age, 70;  on  iron  scraps  as  a 
binding  material,  91 ;  on  dose 
fences,  107;  on  the  wear  of 
g^ranite,  126 ;  introduction  of 
three-inch  sets  by,  173 ;  stone 
tramways  in  Commercial  Boad, 
209 

Watering  streets  (See  Boads  and 
Streets f  Cleansing  of) 

Wear  of  macadamised  roads,  138, 
140, 144, 147, 148, 155, 156, 158 

Wear  of  pavements ;  stone,  202 ; 
asphalte,  301,  302,  807-309; 
holes  and  shortholesin asphalte, 
301,302;  wood,251,257,274-283 

Wear  of  stone,  comparative,  126 

Whinery*s  asphalte  pavement, 
294,  295 

Whitworth's  sweeping  machine, 
103,  378,  379 

Wilson's  wood  payment,  268,  269 

Wood,  131;  its  crushing  resist- 
ance, 132 

Wood  and  stone  pavements,  com- 
pound, 322 
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Wood  psveoDMBtBr  2S1-283,  279- 
283 

Wood  paTementfl  in  the  City  of 
London,  216,  270,  271 

Wood  pavement  in  Bnssia,  18 ;  in 
the  United  States,  14  ;  Stead's 
paTement^  15 ;  Be  Udie's  paTe- 
ment,  16;  general  conditions 
of  wood  pavements,  216-230; 
CaxoT's  wood  pavement^  17, 
231-236,  273 ;  improved  wood 
payement,  237-241,  272,  278, 
274 ;  Ligno-mineral  pavement, 
263,  264,  270, 273, 274 ;  asphal- 
tto  wood  pavement,  264-266, 
272,  273;  Harrison's  wood 
pavement,  266 ;  Henson's  wood 
pavement,  266,  267,  273  ;  Kor- 
ton'a  wood   pavoiienti   267; 


Mowlem's  wood  pavement,  267, 
268,  273 ;  Stone's  wood  pave- 
ment, 268;  Qabriers  wood 
pavement,  268,  271 ;  Wilson's 
wood  pavement,  268,  269 

Wood  paving  blocks,  creosoting, 
256-260 ;  peserving,  255-262 

Woods  employed  at  Uie  present 
time  for  paving  purposes,  prin- 
dpflJ,  220-225 

WooUiscroft,  Messrs.  G^eorge  and 
Son,  Ltd.»  fariok  paving,  319, 
332 


YOKKSHIBE  paving,  191,  S29 
YoQiigy  Arthar,on  the  old  roads,  3 
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eEORBEWOOLLISCROFT&SON 

LIMITED, 

HANLEY,    STAFFS. 

Trif«™«.!.-    "WooiiiKrofl,  Hanlej." 


Special  Briois  for  Carrlajfewaf  Paving ;  also  for  Footpaths, 

And  Red  and  Blue  Staffordshire  Qaoda.    Facing,  Paving,  and 
Stable  Brieks,  Roof  Tiles,  Ridges,  Flnlah,  Quarries'  Clinkers,  Ac. 
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AUTHOR  OF  "  RBFRIGEFATING  AND  ICB-MAKING  MACHINERY,"  ETC,   ETC. 

In  the  preparation  of  this  volume  the  Editor  has 
endeavoured  to  supply,  in  a  concise  and  compact  form, 
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modern  and  trustworthy  authorities  have  been  freely 
consulted,  and  every  effort  made  to  secure  accuracy. 
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REFRIGERATING 


AND 


ICE-MAKING   MACHINERY 

A  DESCRIPTIVE   TREATISE   FOR   THE   ifSE    OF  PERSONS 

EMPLOYING    REFRIGERATING    AND    ICE-MAKING 

INSTALLATIONS,   AND   OTHERS. 

By    a.    J.    WALLIS-TAYLER,    C.E., 

ASSOC.    MEMBER    INST.    C.  E. 
AUTHOR    OF    "  MODERN    CYCLES,"   ETC. 


"  It  is  one  of  the  best  compilations  on  the  subject.  The  descriptions  of 
the  different  refrigerating  machines,  and  the  principles  on  which  they  act,  are 
described  with  an  intelligent  appreciation  of  the  means  and  the  end. 

*  *  The  work  may  be  recommended  as  a  useful  description  of  the  machinery, 
the  processes,  and  of  the  facts,  figures,  and  tabulated  physics  of  refrigera- 
ting.' ' — B  Qglneer. 

•'  The  author  has  considerable  ground  to  cover,  which  he  accomplishes  in 
a  clear  and  concise  manner.  We  recommend  the  book,  which  gives  the  cost 
of  various  systems,  and  illustrations  showing  details  of  parts  of  machinery  and 
general  arrangements  of  complete  installations." — Builder. 

*' A  well -writ  ten  book,  containing  much  valuable  information  on  an  im- 
portant subject.  It  maybe  recommended  as  a  thoroughly  useful  work." — 
Industries. 

**The  author  deals  with  the  subject  of  refrigerating  in  a  thoroughly 
practical  manner.  All  the  principal  machines  in  general  use  are  fully  described 
and  illustrated. 

**  The  application  of  refrigerating  in  our  various  industries  is  dealt  with, 
and  a  special  chapter  is  given  to  ice-making,  and  details  of  the  plant  employed  ^ 

for  this  purpose.*' — Daily  Chronicle.  f 
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2      wkale's  scientific  and  technical  series. 

CIVIL   ENGINEERING  &  SURVEYING. 
Civil  Engineering. 

y  By   Henry    Law,    M.Inst.C.K      Including;  a  Treatise  on    Hvdraulic 

/T  Enginbbring  by  G.  R.  Burnell,  M.I.CE.     Seventh  Edition,   revised, 

with  Large  Additions  by  D.  K.  Clark,  M.LC.E.       .        .        .    6/6 

Pioneer  Engineering: 

A  Treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  in  New  Countiries.  ^  By  Edward  DoBseN,  M.Inst.CE. 
With  numerous  Plates.     Second  Edition 4/6 

Iron  Bridges  of  Moderate  Span: 

Their  Con<:truction  and  Election.  By  Hamilton  W.  Pbndred.  With  40 
Illustrations 2/0 

Iron  and  Steel  Bridges  and  Yiaducts. 

A  Practical  Treatise  upon  their  Cons^truction  for  the  use  of  Engineers, 
Draughtsmen,  and  Students.   Ky  Francis  Campin,  C.E.  With  Illus.    3/6 

Gonetructional  Iron  and  Steel  Work, 

^^                   As  applied  to  Public,  Private,  and  Domestic  Buildings.      By  Francis 
^  Cammn,  C.E 3/6 

Tubular  and  other  Iron  Girder  Bridges. 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  By  G.  Drysdale 
Dkmpsev,  C.E.     Fourth  Edition 2/0 

Materials  and  Construction: 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Designing,  and  Erec- 
tion of  Works  of  Construction.     By  Francis  Campin,  C.E.    .        .    3/0 

.    Sanitary  Work  in  the  Smaller  Towns  and  in  Villages. 

^  By  Charles  Slagg,  Assoc.  M.Inst.CE.    Third  Edition         .        .    3/0 

Construction  of  Roads  and  Streets. 

By  H.  Law,  C.E.,  and  D.  K.  Clark,  C.E.     Sixth  Edition,  revised,  with 
'Additional  Chapters  by  A.  J.  Wallis-Tayler,  A.M.  Inst.  C.E.       .    6/0 

Gas  Works, 

Their  Construction  and  Arrangement  and  the  Manufacture  and  Distribu- 
tion of  Coal  Gas.  Originally  written  by  S.  Hughes,  CE.  Ninth  Edition. 
Revised,  with  Notices  of  Recent  Improvements,  by  Henrv  O'Connbr, 
A.M.  Inst.  C.E.,  Author  of  "The  Gas  Engineers'  Pocket  Boolc.»' 

Utist  Publufud,    6/0 

Water  Works 

/  For  the  Supply  of  Cities  and  Towns.    With  a  Description  of  the  Principal 

Geological  Formations  of  England  as  influencing  Supplies  of  Water.  By 
Samuel  Hughes,  F.G.S.,  C.E.    Enlarged  £kliti9n  ....    4>/0 

The  Power  of  Water, 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines  and  other 
.  Hydrostatic  Engines.    By  Joseph  Glynn,  F.R.S.    New  Edition   .    2/0 

Wells  and  Well-Sinking. 

By  John  Geo.  Swindell,  A. R. I. B.  A.,  and  G.  R.  Burnbll.  CB.  RevUed 
Edition.  With  a  New  Appendix  on  the  Qualities  of  Water.  Illustrated    2/0 

The  Drainage  of  Lands,  Towns,  and  Buildings. 

By  G.  D.  Dbmpsev,  C.E.  Revised,  with  large  Additions  on  Recent 
Practice,  by  D.  K.  Clark,-  M.I.CE.    Third  Edition       .        .        .    4>/6 

The  Blasting  and  Quarrying  of  Stone, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bridges.     By  Gen.  Sir  J.  Bukgovne,  K.C.B f/6 

Foundations  and  Concrete  Works. 

With  Practical  Remarks  on  Fooiine^,  Planking,  Sand,  Concrete  Biton, 
Pile-driving,  Cai&sons,  and  CofTerdama.   By  E.  Dobson.  Ninth  Ed.       1  /6 
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PneumatioB, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  Use  of 
Beginners.     By  Charles  Tomlinson,  F.  R.S.     Fourth  Edition       .     1  /6 

Land  and  ESn^ineerini^  Sumreyin^. 

For  Students  and  Practical  Use.  By  T.  Baker,  C.E.  Nineteenth  Edition, 
Revised  and  Extended  by  F.  E.  Dixon,  A.M.  Inst.  C.E..  Professional  Asso- 
ciate of  the  Institution  of  Surveyors.  With  numerous  Illustrations  and  tw« 
Lithographic  Plates 2/0 

Mensuration  and  Measupintf. 

For  Students  and  Practical  Use.  With  the  Mensuration  and  L«vellinf  of 
Land  for  the  purposes  of  Modern  Engineering.  By  T.  Bakbk,  C.S.  New 
Edition  by  £.  Nugent,  C.E 1/6 

MINING   AND    METALLURGY. 
Mining  Calculations, 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 
Managers'  Certificates,  comprising  numerous  Rules  and  Examples  in 
Arithmetic,  Algebra,  and  Mensuration.  By  T.  A.  O'Donahus,  M.K., 
First-Class  Certificated  Colliery  Manager 3/6 

Mineralogy, 

Rudiments  of.  By  A.  Ramsay,  F.G.S.  Fourth  Edition,  revised  and 
enlarged.     Woodcuts  and  Plates 3/6 

Goal  and  Goal  Mining, 

A  Rudimentary  Treatise  on.  By  the  late  Sir  Warington  W.  Smyth, 
F.R.S.     Eighth  Edition,  revised  by  T.  FoRSTER  Brown  .  .    3/6 

Metallurgy  of  Iron. 

Contaming  Methods  of  Assay,  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  &c.  By  H.  Bauerman,  F.U.S.  With  numerous 
Illustrations.    Sixth  Edition,  revised  and  enlarged     ....    6/0 

The  Mineral  Surveyor  and  Valuer's  Gomplete  Guide. 

By  W.  LiNTERN.  Fourth  Edition,  with  an  Appendix  on  Magnetic  and 
Angular  Survejring 3/6 

Slate  and  Slate  Quarrying: 

Scientific,  Practical,  and  Commercial.  By  D.  C.  Davibs,  F.G.S.  With 
numerous  Illustrations  and  Folding  Plates.     Fourth  Edition     .        .    3/0 

A  First  Book  of  Mining  and  Quarrying, 

With  the  Sciences  connected  therewith,  fur  Primary  Schools  and  Self-In- 
struction.   By  J.  H.  Collins,  F.G.S.    Second  Edition    .        .        .1/6 

Subterraneous  Surveying, 

With  and  without  the  Magnetic  Needle.  By  T.  Fbnwick  and  T.  Bakbr, 
C.E.     Illustrated 2/6 

Minintf  Tools. 

Manual  of.  By  William  Morgans,  Lecturer  on  Practical  Mining  at  the 
Bristol  School  of  Mines 2/6 

Mining  Tools,  Atlas 

of  Engravings  to  Illustrate  th^  above,  containing  335  Illustrations  of  Mining 
Tools,  drawn  to  Scale.    4to 4/6 

Physioal  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments  of  Geolovy." 
By  RalphTatb,  A.LS.,  ftc.    Woodcuts 2/0 

Historical  Geology, 

Partly  based  on  Major-General  Portlock's  "  Rudiments."  By  Ralph 
Tats,  A.L.S.,  &c.    Woodcuts 2/6 

Geology,  Physioal  and  Historical. 

Consisting  of  "Physical  Geology,"  which  sets  forth  the  TieaitiM  Principles 
of  the  Science;  and  "Historical  Geology,"  which  treats  0/  me  Ifineral 
and  Oreanic  Conditions  of  the  Earth  at  each  successive  epock.  By  Ralph 
A  ATS,  r.G.S.        *.•....•  ..    4/d 
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MECHANICAL    ENGINEERING. 
The  Workman's  Manual  of  Engineering  Drawing. 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.     Eighth  Edition.    300  Plates  and  Diagrams      .     3/6 

Fuels:  Solid,  Liquid,  and  Gaseous. 

Their  Analysis  and  Valuation.  For  the  Use  of  Chemists  and  Engineers. 
By  H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist 
to  the  Great  Eastern  Railway.     Fourth  Kdition.         .       »         .        .     2/0 

Fuel,  Its  Combustion  and  ESconomy. 

Consisting  of  an  Abridement  of  "  A  Treatise  on  the  Combustion  of  Coal  and 
the  Prevention  of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  Exten- 
sive Additions  by  D.  K  Clark,  M.Inst.C.E.     Fourth  Edition         .    3/6 

The  Boilermaker*s  Assistant 

In  Drawing^  I  emplating,  and  Calculating  Boiler  Work,  &c.  By  J.  Coukt- 
NEV,    Practical    Boilermaker.     Edited   by  D.    K.    Clark,    C.E.  .     2/0 

The  Boiler-Maker*s   Ready  Reckoner, 

With  Examples  of  Piactical  Geometry  and  Templating  for  the  Use  of 
Platers.    Smiths,  and   Riveters.     By  John  Courtney.     Edited  by  D.  K. 

Clark,  M.l.C.E.    Fifth  Edition 4/0 

*,*  7'A^  iast  two  iVorki  in  One  yoiumej  half-bcund^  entitled  "  The  Boiler- 
maker's Ready-Reckoner  and  Assistant.'*  By  J.  Courtney  and 
D.  K.  Clark.    Price  7/0. 

Steam    Boilers : 

Their  Construction  and  Management.    By  R.  Armstrong,  CE.   Illustrated 

1/6 
Steam  and  Machinery  Management. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machinery. 
By  M.  Powis  Bale.  M.Inst.M.  E 2/6 

Steam  and  the  Steam  Engine, 

Stationary  and  Portable.  B  ing  an  Extension  of  the  Treatise  on  the  Steam 
Engine  of  Mr.  J.  Sewell.    By  D.  K.  Clark,  C.E.    Foiurth  Edition    3/6 

The  Steam   Engine, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.     By  ;j:.  Baker,  CE )/6 

The   Steam    Engine. 

By  Dr.  Lardnek.     Illustrated    .  .  .        .        •  '  *  •     1  /6 

Locomotive  Engines. 

By  G.  D.  Demh>ky,  C.E.  With  large  Additions  treating  of  the  Modem 
Locomotive,  by  D.  K.Clark,  M.Inst.C.E 3/0 

Liooomotive  Engine-Driving. 

A  Practical  Manual  for  tine ineers  in  charge  of  Locomotive  Engines.  By 
Michael  Reynolds.     Eleventh  Edition.     3^.  (m/.  ;  cloth  boards     .    4/6 

Stationary   Engine-Driving. 

A  Practical  Manual  for  luigineers  in  charge  of  Stationary  Engines.  By 
Michael  Reynolds.     Seventh  Edition.     3J.  td.  \  cloth  boards        .    4/6 

The  Smithy  and  Forge. 

Including  the  Fan  icr's  Art  and  Coach  Smithing.  By  W.  J.  £.  Cranb. 
Fourth  Edition  2/6 

Modern  Workshop  Practioe, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Docks, 
Dredging  Machines,  Bridges,  Ship-building,  &c.  By  J.  G.  Wihtom. 
Fourth  Edition,  Illustrated 3/Q 

Mechanical  Engineering. 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Workshop 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steam  Engine, 
&c     By  Francis  Campin,  C.E.    Third  Edition         .        .        •  ^   •     2/6 

Details  of  Machinery.  ^ 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
Fitting-Shop,  Foundry,  and  Boiler- Yard.  By  Francis  Campin,  C.E.  3/0 
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Elementary  Bngineering : 

A  Manual  for  Young  Marine  Kngineers  and  Apprentices.     In  thv  /orm  of 

g questions  and   Answers  on  Metals,   Alloys,   Strength  of   Materials,   &c. 
y  T.  S.  Brewbr.     Fifth  Edition t  /6 

PovreF  in  Motion: 

Horse>power  Motion,  Toothed-Wheel  Gearing,  Lone  and  Short  Driving 
Bands,  Angular  Forces,  &c.    By  James  Armouk,  C.E.  Third  Edition  2/0 

Iron  and  Heat, 

Exhibiting  the  Principles  concerned  in  the  Construction  of  Iron  Beams, 
Pillars,  and  Girders.     By  J.  Armour,  C.E. 2/6 

Practical  Mechanisni, 

And  Machine  Tools.     By  T.  Bakbs,  CE.    With  Remarks  on  Tools  and 
Machinery,  by  J.  Nasmyth,  C.E 2/6 

Mechanics : 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science, 
and  their  Applications,     by  Charles  Tomlinson,  F.R.S.       .        •     1/6 

Oranes  (The  Construction  of), 

And  other  Machinery  for  Raising  Heavy  Bodies  for  the  Erection  of  Baild* 


sing 


ings,  &c    By  Joseph  Glynn,  F.R.S 1/6 


NAVIGATION,    SHIPBUILDING,    ETC. 
The  Sailor's  Sea  Book: 

A  Rudimentary  Treatise  on  Navigation.  By  Jambs  Greenwood,  B.A. 
With  numerous  Woodcuts  and  Coloured  Plates.  New  and  enlarged 
Edition.     By  W.  H.  Rossbr 2/6 

Practical  Navij^ation. 

Consisting  of  The  Sailor's  Sea-Book,  by  Jamrs  Grrenwood  and  W.  H. 
RossER  ;  together  with  Mathematical  and  Nautical  Tables  for  the  Working 
of  the  Problems,  by  Henry  Law,  C.E.,  and  Prof.  J.  R.  Young.     T/0 

Navigation  and  Nautical  Astronomy, 

In  Theory  and  Practice.     By  Prof.  J.  R.. Young.     New  Edition.     2/6 

Mathematical  Tables, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.  E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.  By  Professor  J. 
R.  Young.    New  Edition 4/0 

Masting,  Mast-Making,  and  Rigging  of  Ships. 

Also  Tables  of  Syars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropes, 
&c,  relative  to  every  class  of  vessels.     By  Robert  Kipping,  N.A.  .     2/0 

Sails  and  Sail-Making. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  By  Robert 
Kipping,  N.A 2/6 

Marine  Engines  and  Steam  Vessels. 

By  R.  Murray,  C.E.  Eighth  Edition,  thoroughly  reviaed,  with  Addi- 
tions by  the  Author  and  by  George  Carlisle,  C.E.        .       .        .    4>/6 

Naval  Architecture: 

An  Exposition  of  Elementary  Principles.     By  Jambs  Pbakb    .        •    3/6 

Ships  for  Ocean  and  Riirer  Service, 

Principles  of  the  Construction  of.     By  Hakon  A.  Sommerpeldt  .     t/6 

Atlas  of  Bngravings 

To  Illustrate  the  above.  Twelve  large  folding  Plates.  Royal  4to,  cloth    T/6 

The  Forms  of  Ships  and  Boats. 

By  W.  Bland.  lenth  Edition,  with  numerous  Illustrations  and 
Models  .        .  1/6 
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ARCHITECTURE   AND    THE 

BUILDING    ARTS. 
Construotional  Iron  and  Steel  Work, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.  By  Francis 
Campin,  C.E 3/6 

Building  Estates: 

y                   A  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of  Build- 
/  ing  Land.    By  F.  Maitland.    Third  Edition 2/0 

The  Scdenoe  of  Building : 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E.  Wynd- 
HAM  Tarn,  M.A.  Lond.     Fourth  Edition 3/6 

The  Art  of  Building : 

General  Principles  of  Construction,  Strength,  and  Use  of  Materials,  Woricing 
Drawmgs,  Specifications,  &c.     By  Edward  Dobson,  M.R.I.B.A.  .     2/0 

A  Book  on  Building, 

Civil  and  Ecclesiastical.  By  Sir  Edmund  Bbckbtt,  Q.C  (Lord  Gsim* 
thokpb).    Second  Edition 4>/6 

Dwelling-Houses  (The  Brection  of). 

Illustrated  by  a  Perspective  View,  Plans,  and  Sections  of  a  Pair  of  VUlas,  with 
Specification,  Quantities,  and  Estimates.  By  S.  H.  Brooks,  Architect    2/6 

Cottage  Building. 

By  C.  Brucr  Allbn.  Twelfth  Edition,  with  Chapter  on  Economic  Cot- 
Uges  for  Allotments,  by  E.  £.  Allbn,  C.E. 2/0 

Aooustios  in  Relation  to  Architeoti]b?e  and  Building : 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By  Pro- 
fessorT.  Rogrr  Smith,  F.R.I.B.A.     New  Edition,  Revised   .        •     1/6 

The  Rudiments  of  Praotical  Bricklaying. 

General  Principles  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting ; 
Pointing ;  Paving,  Tiling,  &c.    By  Adam  Hammond.    With  68  Woodcuts 

1/6 

The  Art  of  Praotical  Brick  Cutting  and  Setting. 

By  Adam  Hammond.    With  90  Engravings 1/6 

Brickwork : 

A  Practical  Treatise,  embodying  the  General  and  Higher  Principles  of 
Bricklaying,  Cutting  and  Setting ;  with  the  Application  of  Geometry  to  Roof 
Tiling,  &C.    By  F.  Walkbr 1/6 

Bricks  and  Tiles, 

Rudimentary  Treatise  on  the  Manufacture  of;  containing  an  Outline  of  the 
Principles  of  Brickmaking.  By  £.  Dobson,  M.R.I.B.A.  Addittens  by 
C  Tomlinson,  F.R.S.    Illustrated 3/0 

The  Practical  Brick  and  Tile  Book. 

Comprising:  Brick  and  Txlb  Making,  by  E.  Dobson,  M.Inst.CE.; 
Practical  Bricklaying,  by  A.  Hammond  ;  B kick-cutting  and  Sbtting, 
by  A.  Hammond.    550  pp.  with  270  Illustrations,  half-bound    .        .    6/0 

Garpentnf  and  Joinery — 

Thb  Elbmbntary  Principlbs  or  Carpbntry.  Chiefljr  composed  from  the 
Standard  Work  of  Thomas  Trbdgold,  C.E.  With  Additions,  and  Trbatisx 
ON  JoiMBRY,  by  E.  W.  Tarn,  M.A.    Eighth  Edition  .        .    3/6 

Carpentry  and  Joinery — ^Atlas 

Of  35  Plates  to  accompany  and  Illustrate  the  foregoing  book.  WilA 
Descriptive  Letterpress.     410        ........     6/0 
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A  Praotioal  Treatise  on  Handrailin(f; 

Showing  New  and  Simp  e  Meihods.  By  Geo.  Colli ngs.  Third  Edition, 
including  a  Treatise  ON  Staikbuilding.     With  Plates  .        .        .     2/6 

Circular  Work  in  Carpentry  and  Joinery. 

A  Practii^al  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Colli  ngs.     Fourth  Edition 2/6 

Roof  Carpentry: 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  Use  of  Working 
Carpenters.      By  Geo.  Colli  ngs 2/u 

The  Construction  of  Roofs  of  Wood  and  Iron; 

Deduced  chiefly  from  the  Works  of  Robison,  Tred^old,  and  Humber.  Bv 
E.  Wyndham  Tarn,  M.  A.,  Architect.     Fourth  Edition  .        .        •     l/o 

The  Joints  Made  and  Used  by  Builders. 

By  Wyvill  J.  Christy,  Architect.    With  i6o  Woodcuts         .        .    3/0 

Shoring 

And  its  Application  :  A  Handbook  for  the  Use  of  Students.  By  George 
H.  Blagrovb.     With  31  Illustrations 1/6 

The    Timber    Importer's,    Timber    Merchant's,    and 
Builder's  Standard  Guide. 

By  R.  E.  Grandy 2/0 

Plumbing: 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.  By  Wm.  Paton  Buchan. 
Ninth  Edition,  with  512  Illustrations 3/6 

Ventilation : 

A  Text  Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan,  R.P.,  Author  of  "  Plumbing,"  &c.     With  170  Illustrations    3/6 

The  Praotioal  Plasterer: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kbmp    2/0 

House  Painting,  Graining,  Marbling,  ft  Sign  Writing. 

With  u  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  Ellis  A.  Davidson.     Eighth  Edition.    Coloured  Plates    .        .    o/O 

%*  Th*  aiove%  in  cloth  boards^  $trongly  bounds  6/0 

A  Grammar  of  Colouring, 

Applied  to  Decorative  Painting  and  the  Arts.  By  Georgb  Fibld.  New 
Edition,  enlarged,  by  Ellis  A.  Davidson.    With  Coloured  Plates       3/0 

Elementary  Decoration 

As  applied  to  Dwelling  Houses,  &c.  By  Jambs  W.  Facey.  Illustrated    2/0 

Practical  House  Decoration. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.   By  Jambs  W.  Facev 

2/6 


•  * 


Thi  last  two  IVorks  in  One  handsome  Vol.^  half-bound^  entitled  "  HousB 


Decoration,  Elementary  and  Practical," /rrW  5/0* 

Portland  Cement  for  Users. 

By  Henry  Faija,  A.M.Inst.C.E.     1  bird  Edition,  Corrected  .        .    2/0 

Limes,   Cements,  Mortars,  Concretes,   Mastics,   Plas- 
tering, ftc. 

By  G.  R.   BuRNBLL,  C.E.     Fifteenth  Edition 1/6 
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Masonry  and  Stone-Gutting. 

The  Principles  of  Masonic  Projection  and  their  application  to  Construction. 
By  Edward  Dobson,  M.R.I.B.A 2/6 

Arohes,  Piers,  Buttresses,  ftc: 

Experimental  Elssays  on  the  Principles  of  Construction.      By  W.  Bland. 

Quantities  and  Measurements, 

In  Bricklayers',  Masons',  Plasterers'^  Plumbers',  Painters',  Paperhangers*, 
Gilders',  Smiths',  Carpenters'  and  Jomers'  Work.    By  A.  C.  Beaton.    1  /6 

The  Gomplete  Measurer: 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber  and  Stone.  By  R. 
HoRTON.     Sixth  Edition 4/0 

Guide  to  Superfioial  Measurement : 

Tables  calculated  from  z  to  aoo  inches  in  length,  by  i  to  io8  inches  in 
breadth.  For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Mer- 
chants, Builders,  &c.     By  James  Hawkings.     Fifth  Edition  .        .     3/6 

Light : 

An  Introduction  to  the  Science  of  Optics.  For  the  Use  of  Students  of  Archi- 
tecture, Engdneering,  and  other  Applied  Sciences.  By  £.  W.  Tarn, 
M.A 1/6 

Hints  to  Young  Arcliiteots. 

By  Georgb  Wightwick,  Architect.  Sixth  Edition,  revised  and  enlarged 
by  G.  HusKissoN  Guillaume,  Architect   .......    3/6 

Arohiteoture— Orders : 

The  Orders  and  their  iEsthetic  Principles.    By  W.  H.  Leeds.    Illustrated. 

1/6 
Arohiteoture — Styles : 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  Period.     By  T.  Talbot  Bury      .        .    2/0 

*,*  Orders  and  Styles  of  Architecture,  in  One  Vol,^  3/6« 

Arohiteoture — Design : 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.     By  Edw. 

Lacy  Garbbtt,  Architect.     Illustrated 2/6 

\*  Th£  three  preceding  IVarks  in  One  handsome  VoLt  half-bound^  entitled 
"Modern  Architecture," /rrW  6/0* 

Perspeotiire  for  Beginners. 

Adapted  to  Young  Students  and  Amateurs  in  Architecture,  Painting,  &c 
By  George  Pyne  2/0 

Arohiteotural  Modelling  in  Paper. 

By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jewitt     1  /6 

Glass  Staining,  and  the  Art  of  Painting  on  Olass. 

From  the  German  of  Dr.  Gesf.ert  and  Emanuel  Otto  Frombbrg.  With 
an  Appendix  on  The  Art  op  Enamelling 2/6 

YitruTius— The  Architecture  of. 

In  Ten  Books.  Translated  from  the  Latin  by  Joseph  Gwilt,  F.S.A., 
F.R.A.S.     With  23  Plates 6/0 

N.B.—This  is  the  only  Edition  o/Vnftxjvw^  procurable  at  a  moderate  pri^, 

Grecian    Architecture, 

An  Inquiry  into  the  Principles  of  Beauty  in.  With  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.   By  the  Earl  op  Abrrobbn.    1  /O 

*,*  TJU  two  Receding  Works  in  One  handsome  VoL,  half-ioundt  entitled 
"  Ancient  Architecture,"  price  Q/Q. 
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INDUSTRIAL   AND    USEFUL    ARTS. 
Cements,  Pastes,  Glues,  and  Gums. 

A  Guide  to  the  Manufacture  and  Application  of  Agglutinants.  With  900 
Recipes  and  Formulae.     By  H.  C.  Standagb  .    '    .        .        .     2/0 

Clocks,  Watches,  and  Bells  for  Public  Purposes. 

A  Rudimentary  Treatise.  By  Edmund  Beckett,  1»rd  Grimthorpb, 
LL.D.,  K.C.,  F.R.A.S.  Eighth  Edition,  with  new  List  of  Great  Bells  and 
an  Appendix  on  Weathercocks.  [Just published.    4/8 

*«*  The  above ^  handsomely  hound^  cloth  boards ^  5/6* 

Blectro-Metallur^, 

Practically  Treated.     By  Alexandbr  Watt.     Tenth  Edition  3/6 

The  Goldsmith's  Handbook. 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting  and  Refining,  Recovery  of  Waste,  Solders,  Enamels, 
&c.,  &c.     By  George  E.  Gee.     Sixth  Edition 3/0 

The  Silirersniith's  Handbook, 

On  the  same  plan  as  the  Goldsmith's  Handbook.    By  G.  E.  Gbr.    3/0 
•#•  The  last  two  IVorks,  in  One  hanasome  Vol^  half-bound^  JfQ. 

The  Hall-Marking  of   Jewellery. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kinedom ;  with  the  Stamps  and  Laws  relating  to  the  Standards  and  Hall 
Marks  at  the  various  Assay  Offices.     By  Georob  £.  Gbb         .        .     3/0 

French   Polishing  and  Enamelling. 

Numerous  Recipes  tor  making  Polishes,  Varnishes,  &c.     By  R.  Bitmbad. 

1/6 
Practical  Organ  Building. 

By  W.  E.  Dickson,  M.A.    Second  Edition,  Revised,  with  Additions   2/6 

Coach-Building : 

A  Practical  Treatise.    By  James  W.  Burgess.    With  57  Illustrations    2/6 

The  Cabinet -Maker's  Guide 

To  the  Entire  Con.^truction  of  Cabinet-Work.     By  R.  Bitmbad        .    2/6 

The  Brass  Founder's  Manual: 

Instructions  for  Modelling,  Pattern  Making,  &c.     By  W.  Graham  .     2/0 

The  Sheet-Metal  Worker's  Guide. 

For  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.  By  W.  J.  £.  Cranb.     1  /Q 

Bearing  Machinery: 

Its  Construction,  History,  ftc.     By  J.  W.  Urquhart,  C£.    .        .     2/0 

Gas  Fitting: 

A  Practical  Handbook.     By  John  Black.     New  Edition         .        .     2/6 

Construction  of  Door  Locks. 

From  the  Papers  of  A.  C.  Hobbs.    KditeJ  by  C.  Tomlinson,  F.R.S.     2/6 

The    Model    Locomotive    Engineer,    Fireman,    and 
Engine-Boy. 

By  Michael  Reynolds 3/6 

The  Art  of  Letter  Painting  made  Easy. 

By  J.  G.  Badenoch.     With  12  full-page  Engravings  of  Examples  .     1/6 

The  Art  of  Boot  and  Shoemaking. 

Measurement,  Last-fitting,  Cutting-out,  Closing,  &c.    By  J.  B.  Lbno.    2/0 

Mechanical  Dentistry: 

By  Chari.es  Hunter.     Fourth  Edition 3/0 

Wood  Engraving: 

A  Practical  and  Easy  Introduction  to  the  Art.     By  W.  N.  Brown    .     1  /6 

Laundry  Management. 

A  Handbook  for  Use  in  Private  and  Public  Laundries        .        .        .     2/0 
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AGRICULTURE,  GARDENING,  ETC. 
Pratning  and  Bmbanking: 

A  Prftcti  jal  Treatise.    By  Prof.  John  Scott.    With  68  Illustrations     1  /6 

IvFlfation  and  Water  Supply: 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping,  ftc. ; 
OB  the  Construction  of  Wells,  Ponds,  Reservoirs,  &c.  By  Prof.  John 
Scott.    With  34  Illustrations t  /6 

Vavm  Roads,  Fenoes,  and  Gates: 

A  Practical  Treatise  on  the  Roads,  Ti  am  ways,  and  Waterways  of  the 
Farm ;  the  Principles  of  Enclosures ;  and  the  different  kinds  of  Fences, 
Gates,  and  Stiles.     By  Prof.  John  Scott.    With  75  Illustrations  1  /6 

Vavm  Buildings: 

A  Practical  Treatise  on  the  Buildings  necessary  for  various  kinds  of  Farnu, 
their  Arrangement  and  Construction,  wiih  Plans  and  Estimates.  By  Prof. 
John  Scott,    With  105  Illu>trations 2/0 

Bam  Implements  and  Maohines : 

Treatmg  of  the  Application  of  Power  and  Machines  osed  in  the  Threshing- 
hun.  Stockyard,  Dairy,  &c.     By  Prof.  J.  Scott.    With  123  Illustrations. 

2/0 
Yield  Implements  and  Maohines : 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence,  their 
Management,  ftc.    By  Pro£  John  Scott.    With  138  Illustrations  .    2/0 

A^ioultural  Surveying: 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-ont ;  with  Directions 
for  Valuing  Estates.     By  Prof.  J.  SCott.     With  62  Illustrations       .     t  /g 

Barm  Bntfineering. 

By  Professor  John  Scott.  Comprising  (he  above  Seven  Volumes  in  One, 
1,150  pages,  and  over  600  Illustrations.     Half>bound    .  12/0 

Outlines  of  Farm  Management. 

Treating  of  the  General  Work  of  the  Farm ;  Stock ;  Contract  Work ; 
Labour,  ftc.    By  R.  Scott  Burn 2/6 

Outlines  of  Landed  B  states  Management. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  Setting-out  of 
Farms,  Roads,  Fences,  Gates,  Drainage,  ftc.    By  R.  Scott  Bukn  .    2/6 

SoilSy  Manures,  and  Crops. 

(VoL  I.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn  .    2/0 

Varmintf  and  Farmintf  ESoonomy. 

(VoL  II.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn    3/0 

■took:   Cattle,  Sheep,  and  Horses. 

(VoL  III.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn    2/6 

Dairy,  Pitfs,  and  Poultry. 

(Vol.  IV.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn    2/0 

Utilization  of  Sewage,  Irrigation,  and  Reclamation 
of  Waste  Liand. 

(Vol.  V.  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn  .    2/6 

Outlines  of  Modem  Farming. 

By  R.  Scott  Burn.  Consisting  of  the  above  Five  Volumes  in  One, 
1,950  pp.,  profusely  Illustrated,  half-bound 12/0 
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Book-keeping  for  Farmers  and  Estate  Owners. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  system  adapted  for  all 
classes  of  Farms.     By  J.  M.  Woodman.     Fourth  Edition         .        .     2/6 

Ready  Reckoner  for  the  Admaasurement  of  Land. 

By  A.  Arman.   Revised  and  extended  by  C.  Norris.   Fifth  Edidon    2/0 

Miller's,     Corn     Merchant's,     and    Farmer's    Ready 
Reckoner. 

Second  Edition,  revised,  with  a  Piice  List  of  Modern  Flour  Mill  Machiatry. 
by  W.  S.  HuTTON,  C.E 2/0 

The  Hay  and  Straw  Measurer. 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Strmw 
Dealers,  &c.     By  John  Steele 2/0 

Meat  Production. 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchers'  Mmt. 
By  John  Ewakt 2/6 

Sheep : 

The  History,  Structure,  Economy,  and  Diseases  of.  By  W.  C.  Spoonbx, 
M.R.V.S.     Fifth  Edition,  with  fine  Engravings         ....    3/S 

Market  and  Kitchen  Gardening. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated  "  .        .    3/6 

Kitchen  Gardening  Made  Easy. 

Showing  the  best  means  of  Cultivating  every  known  Vegetable  and  H«rb, 
&c.,  with  directions  for  management  all  the  year  round.  By  George  M.  F. 
Glenny.     Illustrated ^/6 

Cottage  Gardening : 

Or  Flowers,  Fruits,  and  Vegetables  for  Small  Gardens.     By  E.  Hobdat, 

1/6 
Garden  Receipts. 

Edited  by  Charles  W.  Quin |  /6 

Fruit  Trees, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Du 
Breuil.  Fifth  Edition,  carefully  Revised  by  George  Glenny.  With 
187  WoodcuU 3/^ 

The  Tree  Planter  and  Piant  Propagator: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implcmtati, 
Houses,  Pits,  &c.     By  Samuel  Wood 2/0 

The  Tree  Pruner: 

A  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  Shrubs,  Qtmben,  and 
Flowering  Plants.    With  numerous  Illustrations.   By  Samuel  Wood     1/S 

•«•  TMt  aScve  Tw0  Vols,  in  Onty  handsomely  katf-hvund^  ^riet  3/6. 

The  Art  of  Grafting  and  Rudding. 

By  Charlm  Baltbt.    With  Illustntions  .    2/6 
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MATHEMATICS,    ARITHMETIC,   ETC. 
Desopiptive  Geometry, 

An  Elementary  I'reatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective, 
extracted  from  the  French  of  G.  Monge.  To  which  is  added  a  Description 
of  the  Principles  and  Practice  of  Isometrical  Projection.  By  J.  F.  Hbathbk, 
M.A.     With  14  Plates 2/0 

Praotioal  Plane  Geometry: 

Giving;  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.  By  J.  F.  Heather,  M.A. 
With  215  Woodcuts 2/0 

Analytical  Geometry  and  Conic  Sections, 

A  Rudimentary  Treatise  on.  Bv  Jambs  Hann.  A  New  E^icion,  re- 
written and  enlarged  by  Professor  J .  R.  YoUNG  ....     2/0 

Euclid  (The  Elements  of). 

With  many  Additional  Propositions  and  Explanatory  Notes ;  to  which  is 
prefixed  an  Introductory  Essay  on  Logic.     By  Henry  Law,  C.E.  .     2/6 

*JL*  ^''^^  ^^-^^  separately^  viz : — 
Euclid.    The  First  Three  Books.     By  Henry  Law,  C.E.    .        .        .1/6 
Buolid.    Books  4,  5,  6,  Ti,  13.     By  Henry  Law,  C.E.     .        .        .1/6 

Plane  Trigonometry, 

The  Elements  of.     By  James  Hann.  .        .        .        .        .        .1/6 

Spherical  Trigonometry, 

The  Elements  of.  By  James  Hank.  Revised  by  Charles  H.  Dow> 
LING,  C.E 1/0 

%*  Or  with  "  The  Elements  0/  Plane  Trigonometry"  in  One  Volume^  2 ''6 

Di£Perential  Calculus, 

Elements  of  the.     By  W.  S.  B.  Woolhouse,  F.R.A.S.,  &C.       .        .1/6 

Integral  Calculus. 

By  Homersham  Cox,  B.A. 1/6 

Algebra, 

The  Elements  of.  By  James  H addon,  M.A.  With  Appendix,  containins 
Miscellaneous  Investigations,  and  a  Collection  of  Problems         .         .     2/0 

A  Key  and  Companion  to  the  Above. 

An  extensive  Repository  of  Solved  Examples  and  Problems  iu  Algebra. 
By  J.  R.  Young 1  /© 

Commercial  Book-keeping. 

With  Commercial  Phrases  and  Forms  in  English,  FVench,  Italian,  and 
German.     By  James  H addon,  M.A 1/6 

Arithmetics, 

A  Rudimentary  Treatise  on.  With  full  Explanations  of  its  Theoretical 
Principles,  and  numerous  Examples  for  Practice.  For  the  Use  of  Schools 
and  for  Self-Instruction.  By  J.  R.  Young,  late  Professor  of  Mathematics 
in  Belfast  College.     Thirteenth  Edition 1/3 

A  Key  to  the  Above. 

By  J.  R.  Young 1/6 

Bquational  Arithmetic, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Commerce  ;  with  various  Tables  by  which  all  Calculations  may  be  greatly 
facilitated.     By  W.  Hips  lev I/5 

Arithmetic, 

Rudimentary,  for  the  Use  of  Schools  and  Self- Instruction.  By  James 
Haddon,  M.A.     Revised  by  Abraham  Arman        .        .        .        .1/6 

A  Key  to  the  Above. 

By  A.  Arman       .        .  ^  /6 
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Mathematical  InstrumentB : 

Their  Construction,  Adjustment,   Testing,  and  Use  concisely  Explained. 

By  J.  F.  Heathek,  M.A.,  of  the  Royat  Military  Academy,  Woolwich. 

'  Fifteenth    Edition,    Revised,    with    Additions,    by  A.    T.    Walmislbv, 

<  M.I.C.E.    Original  Edition,  m  i  vol..  Illustrated       ....    2/0 

I  %•  In  ordering  tht  izbooe^  bf  cartful  to  say  "  Original  Edition^*  or  give  tkt 

number  in  the  Series  (32),  to  distinguish  it  from  the  Enlarged  Edition  in 
'  3  vols,  {fis  follows) — 

I>rawin^  and  Measuring  InstFumeiitB. 

Including — I.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 

ing,  and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 

'  PknJB.    II.  Instruments  used  for  the  purposes  of  Accurate  Measurement, 

aod  for  Arithmetical  Computations.    By  J.  F.  Heather,  M.  A  1  /6 

Optical  Inetruments. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 
producing  copies  of  Maps  and  Plans  by  Photography.  By  J.  F.  Hbathbk, 
M.A.    Illustrated 1/6 

Surveying  and  Astronomioal  Instruments. 

Including — I.  Instruments  used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  employed  in  Astronomical  Ob- 
servations.   By  J.  F.  Heather,  M.A.    Illustrated.  .1/6 

%*  The  above  three  volumes  form  an  enlargement  of  the  Author's  original  worh, 
**  Mathematical  Instruments,"  _price  2i/0-    (Described  at  to^  ^ /age.) 

Mathematioal  Instruments: 

Their  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawing, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  T.  F. 
Heather,  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten. 
Tlie  Three  Parts  as  above,  in  One  thick  Volume.         ....    4/6 

The  Slide  Rule,  and  How  to  Use  It.  - 

Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal- 
culations with  unexampled  rapidity  and  accuracy.  By  Charles  Hoakb, 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.     Eighth  Edition      .        .     2/6 

ItfO^arithms.  * 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.     By  Henry  Law,  C.E.    Revised  Edition  .        .    3/O 

Compound  Interest  and  Annuities  (Theory  of). 

With  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c. ,  in  all  their  Applications  and  Uses  for  Mercantile 
and  State  Purposes.     By  Fedor  Thoman,  Paris.     Fourth  Edition    .    4/0 

Mathematical  Tables, 

For  Trigonometrical,  A<itronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  CE.  Together  with  a 
Seiies  of  Tables  fur  Navigation  and  Nautical  Astronomy.  By  Professcr  J. 
R.  Young.     New  Edition 4/0 

Mathematics, 

As  applied  to  the  Constructive  Arts.  By  Francis  Campin,  C.E.,  &c. 
Third  Edition 3/0 

Astronomy. 

By  the  Tate  Rev.  Rohert  Main,  F.R.S.  Third  Edition,  revised  and  cor- 
rected to  the  Present  Time,     liy  W.  T.  Lynn,  F.R.A.S.    .  .     2/0 

Statics  and  Dynamics, 

The  Principles  and  Practice  of.  Embracing  also  a  clear  development  of 
Hydrostatics^  Hydrodynamics,  and  Central  Forces.  By  T.  Bakbr,  C£. 
Fourth  Editaeo      ...  ...     l/Q 
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BOOKS    OF    REFERENCE   AND 

MISCELLANEOUS    VOLUMES. 

A  Diotionary  of  Painters,  and  Handbook  for  Picture 
Amateurs. 

Being  a  Guide  for  Visitors  to  Public  and  Private  Picture  Galleries,  and  for 
Art-Students,  including  Glossary  of  Terms,  Sketch  of  Principal  Schools  of 
Painting,  &c.     By  Philippe  Uaryl,  B.A 2/6 

Paintintf  Popularly  Explained. 

By  T.  J.  GuLLicK,  Painter,  and  John  Times,  F.S.A.  Including^  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera  Encaustic,  Miniature, 
Painting  on  Ivory,  Vellum,  Puttery,  Enamel,  Glass,  &c.  Sixth  Edition    5/0 

A  Dictionary  of  Terms  used  in  Architecture,  Build- 
ing, Bntfineering,  Mining,  Metallurgy,  Archae- 
ology, the  Fine  Arts,  ftc. 

ByJoHNWEALK.     Sixth  Edition.     Edited  by  R.  Hunt,  F.R.S.    .    6/0 

Music : 

A  Rudimentary  and  Practical  Treatise.  With  numerous  Examples.  By 
Charles  Child  Spencek 2/6 

Pianoforte, 

The  Art  of  Playing  the.  With  numerous  Exercises  and  Lessons.  By 
Charles  Child  Spencer ,        .        .        •     1  /o 

The  House  Manager. 

A  Guide  to  Housekeeping,  Cookery,  Pickling  and  Preserving,  Household 
Work,  Dairy  Management,  Cellarage  of  Wines,  Home>brewing  and  Wine- 
making,  Gardening,  &c.     By  An  Old  Housekeeper       .        .  3/6 

Manual  of  Domestic  Medicine. 

By  R.  Gooding,  M.D.  Intended  as  a  Faniily  Guide  in  all  cases  of 
Accident  and  Emergency.     Third  Edition,  carefully  revised     .        .     2/0 

Management  of  Health. 

A  Manual  of  Home  and  Personal  Hygiene.     By  Rev.  Jambs  Baird     1  /Q 

Natural  Philosophy, 

For  the  Use  of  Beginners.     By  Charles  Tomlinson,  F.R.S.  .        -1/6 

The  SSlementary  Principles  of  Electric  Liighting. 

By  Alan  A.  Campbell  Svvinton,  M.Inst.CE.,  M.I.E.E.  Fifth 
Edition  1/6 

The  Bleotric  Telegraph, 

Its  History  and  Progress.     By  R.  Sabine,  C.E.,  F.S.A.,  &c.    .        .    3/0 

Handbook  of  k^ield  Fortification. 

By  Major  W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts     .        .    3/0 

liOgio, 

Pure  and  Applied.    By  S.  H   Emmens 1/6 

Locke  on  the  Human  Understanding, 

Selections  from.     With  Notes  by  S.  H.  Emmens        .        .        .        .1/6 

The  Compendious  Calculator 

{Intuitive  Calculations).  Or  Easy  and  Concise  Methods  of  Performing  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactions  ;  together  with  Useful  Tables,  &c.  By  Daniel  O'Gorman. 
Twenty-eighth  Edition,  carefully  revised  by  C.  NoRRis    .        .  ,     2/6 
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Measures,  Weiffhts,  and  Moneys  of  all  Nations. 

With  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WooLHOUSB,  F.R.A.S.,  F.S.S.    Seventh  Edition        .    2/6 

Grammar  of  the  English  Tongue, 

Spoken  and  Written.     With  an  Introduction  to  the  Study  of  Comparativ* 
Philology.    By  HydbClarkb,  D.C.L.     Fifth  Edition.     .        .        .1/6 


Dictionary  of  the  English  Language. 

As  Spoken  and  Written.      Containing  above  100,000  Words.      By  Hvdb 
CLAkKB,  D.C.L. 3/6 

Composition  and  Punctuation, 

Familiarly  Explained  for  those  who  have  neglected  the  Study  of  Grammar. 
By  Justin  Bkbnan.     Nineteenth  Edition. 1/6 

French  Oranunar. 

With  Complete  and  Concise  Rules  on  the  Genders  of  French  Nouns.    By 
G.  L.  Strauss,  Ph.D 1/6 

Bnglish-French  Dictionary. 

Comprising  a  large  number  of  Terms  used  in  Engineering,  Mining,  ftc. 
By  Alfrbd  Elwbs 2/0 

French  Dictionary. 

In    two    Parts— I.    French-English.     II.     English- French,    complete    in 
One  Vol 3/0 

French  and  English  Phrase  Book. 

Containing  Introductory  Lessons,  with  Translations,  Vocabularies  of  Words, 
Collection  uf  Phrases,  and  Easy  Familiar  Dialogues  .        .        .        •     1  /6 

German  Grammar. 

Adapted  for  English  Students,   from  Heyse's  Theoretical  and  Practical 
Grammar,  by  Dr.  G.  L.  Strauss 1/6 

German  Triglot  Dictionary. 

By  N.  E.  S.  A.  Hamilton.    Part  I.  German* French* English.     Part  II. 
English-German-French.     Part  III.  French-Ger^an-English    .  3/0 

Gterman  Triglot  Dictionary. 

(As  above).    Together  with  German  Grammar,  in  One  Volume         .    6/0 

Italian  Grammar. 

Arranged  in  Twenty  Lessons,  with  Exercises.     By  Alfrbd  Elwbs.     1  /6 

Italian  Triglot  Dictionary, 

Wherein  the  Genders  of  all  the  Italian  and   French  Nouns  are  carefullv 
noted  down.     By  Alfrbd  Elwbs.    Vol.1.  Italian-English-French.     2/o 

Italian  Triglot  Dictionary. 

By  Alpkbd  Elwbs.    Vol.  II.  English- French- Italian  .    2/6 

Italian  Triglot  Dictionary. 

By  Alfkbd  Elwbs.     Vol.  III.  French- Italian-English     .        .        .    2/6 

Italian  Triglot  Dictionary. 

(As  above).     In  One  Vol 7/6 

Spanish  Grammar. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfrbd  Elwbs     1  /6 

Spanish-Bngllsh  and  Bnglish-Spanish  Dictionwy. 

Indnding  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
ftc,  with  the  proper  Accents  and  the  Gender  of  every  Noun.     By  Alfrbd 

Elwbs 4/0 

\*  Or  with  tht  Grammar,  6/0* 
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Portugese  Orammar, 

In  a  Simple  and  Practical  Form,  with  Exercises.   By  Alfred  El wes.    1/6 

Portuguese -English     and     English -Portugese    Dio- 
tionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  E^gineerins^, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.    By  Alprkd 

Elwes.     Fourth  Edition,  revised 5/0 

%*  Or  with  the  Grammar,  7/0- 

Animal  Physios, 

Handbook  of.    By  Dionv.sius  Lardner,  D.C.L.     With  sao  Illustrations. 

In  One  Vol.  (732  pages),  cloth  boards 7/6 

*»•  Sold  alio  in  Two  Paris^  as  follows: — 
Animal  Physics.     By  Dr.  Lardner.     Part  I.,    Chapters  I. — ^VII.    4/0 
Animal  Physics.     By  Dr.  Lardner.     Part  IL,  Chapters  VIII. — ^XVIII. 

3/0 
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MECHANICAL    ENGINEERING,   ETC. 


THE   MECHANICAL   ENQINEER'5   POCKET-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data :  A  Handy  Book  of  Reference 
for  Daily  tjse  in  EngineeringPractice.  By  D.  Kinnbar  Clark,  M.  Inst.  C.E., 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.  By  H.  H.  P.  Powlbs, 
A.M.I  C.E.,  M.I.M.E.  Small  8vo,  700  pp.,  bound  in  flexible  Leather  Cover, 
rounded  comers.  l/ust  Published.    Net    6/0 

SUMMARY  OF  CONTENTS :— MATHEMATICAL  TABLES.— MEASUREMENT  OF  SURFACES 
ANB  SOLIDS.— ENGLISH  WEIGHTS  AND  MBASURES.— FRENCH  METRIC  WEIGHTS  AND 
MEASURES.— FOREIGN  WEIGHTS  AND  MEASURES.— MONEYS.— SPECIFIC  GRAVITY, 
WEIGHT,  AND  VOLUME.— MANUFACTURED  METALS.— STEEL  FfPBS.— BOLTS  AND  NUTS.— 

SUNDRY  Articles  in  wrought  and  Cast  iron,  Copper,  brass.  Lead,  Tin,  Zinc- 
Strength  OF  Materials.  —  STRENGTH  of  Timber.— Strength   of  Cast  Iron.— 

STRENGTH  OF  WROUGHT  IRON.— STRENGTH  OF  STEBI TENSILE  STRENGTH  OP  COPPER, 

LEAD,  &C.— RESISTANCE  OF  STONES  AND  OTHBR  BUILDING  MATERIALS.— RIVETED  JOINTS 
IN   BOILER   PLATES.— BOILER    SHELLS.- WiRB  ROPES  AND  HBMP  ROPES.— CHAINS  AND 

CHAIN  Cables.— Framing.— HARDNESS  of  mbtals,  alloys,  and  Stonbs.— Ljibour  of 
Animals.— MECHANICAL  principles.— Gravity  and  Fall  of  Bodies.— accelerating 
AND  Retarding  Forces.— Mill  Gearing,  Shafting.  &c— Transmission  of  Motive 
Power.— Heat.— COMBUSTION :  Fuels.— Warming,  Vbntilation,  Cooking  Stoves.— 
steam.— steam  engines  and  boilbrs.—railways.— tramways.— steam  ships.-t 
pumping  steam  engines  and  pumps.— coal  gas,  gas  enginbs,  &c.— alr  in  motion. 
—Compressed  Air.— hot  Air  Engines.— watbr  Power.— spbbd  of  Cutting  tools. 
—COLOURS.— elbctrical  enginbbring. 

"  Mr.  Clark  manifests  what  is  an  innate  perception  of  what  is  Bkely  to  be  useful  in  a  pocket- 
book,  and  he  is  reaUjr  unrivalled  in  the  art  of  condensatiott.  It  is  very  difficult  to  hit  upon  any 
mechanical  engineennsf  subject  concerning  which  this  work  suppBes  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utiUtv.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text^Moks  and  tieetisei,  and,  as  such,  we  can  heartily  lecommend 
It  to  our  readers."— 7%«  Bngittur. 

"It  would  be  found  difficult  to  compress  mote  matter  within  a  dmHar  compass,  or  produce  a 
book  of  700  pages  which  should  be  more  compact  or  convenient  for  pocket  retoence.  .  .  .  Will 
be  appreciatecfDy  mechanical  englneen  of  ail  clawei.  "■^Practical  Bngitutr. 
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THE   W0RK5'  MANAQER'5    HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.  For  Engineers,  Millwrights, 
and  JBoiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers  ;  Iron  ana 
Brass  Founders,  &c.  By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."  Sixth  Edition,  carefully 
Revised,  and  Enlarged.  In  One  handsome  Volume,  medium  8vo,  strongly 
bound 16/U 

Wf^  Th$  Author  haviitg  compiUd  Rules  and  Data  for  his  onm  ussina  gr§ai 
vari^  of  mod§m  tnginttrin^  work,  and  having  found  hts  notes  extremely  useful, 
decided  to  publish  them-^evtsed  to  date— believing  that  a  practical  work,  suitea  to 
the  DAILY  RBQUiRBMBNTS  OP  MODERN  BNGiNBBRS,  would  be  favourably  received. 

"  Of  this  edition  we  may  repeat  the  appreciatiTe  remarks  we  made  upon  the  first  and  third. 
Since  the  appearance  of  the  latter  rtxv  conadecable  modifications  have  been  made,  although  the 
total  number  of  pages  remains  almost  the  same.  It  is  a  very  usefiil  collection  of  rules,  tables,  and 
workshop  and  drawing  oflice  data."— TAf  Engineer.  May  zo,  z8m. 

"  The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  worlcshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gidned  only  by  practical  experience, 
and  is  seldom  written  in  books. "—TVm  Engineer,  June  5,  1885. 

"  The  volume  is  an  exceedingly  usefiil  one,  brimful  with  engineer's  notes,  memoranda,  and 
ndes,  and  well  worthy  of  bebig  on  every  mechanical  engineer's  bookshelil"— i/<cAaMt^/  JVorU. 

"  The  information  is  precisely  that  likely  to  be  required  in  practice.  .  .  .  Theworicfoms 
a  desirable  addition  to  the  library  not  only  of  the  wencs'  manager,  but  of  any  one  connected  with 
general  engineering.  "->A/>M«M!f  yaumal. 

"  Brlmfttl  of  useful  information,  stated  In  a  concise  form,  Mr.  Button's  books  have  met  a 
IMressbig  want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man 
possessing  a  copy."->^/Vactfca/  Engineer. 

THE    PRACTICAL   ENQINEER'5    HANDBOOK. 

Comprising  a  Treatise  on  Modem  Engines  and  Boilers,  Marine,  Locomotive, 
and  Stationary.  And  containing  a  large  collection  of  Rules  and  Practical 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boners,  and  other  Engineering  work.  The  whole  constituting  a  com* 
prehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modem  Mechanical  Engineering.  By  Walter  S.  Hutton, 
Civil  and  Mechanical  Engineer,  Author  of"  The  Works'  Manager's  Handbook 
for  Engineers,"  &c.  With  upwards  of  420  Illustrations.  Sixth  Edition, 
Revised  and  Enlarged.    Medium  8vo,  nearly  560  pp.,  strongly  bound.    1 8/0 

Wf^  This  Work  is  designed  as  a  companion  to  the  Author's  "Works' 
Manager's  Handbook."  It  possesses  many  new  and  {original  features,  and  con- 
taifu,  like  its  predecessor,  a  quantity  of  matter  not  originally  intended  for  publication 
but  collected  oy  the  Author  for  his  own  use  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work. 

The  information  is  given  in  a  condensed  and  concise  form,  and  is  illustrated  by 
upwards  of  420  Engravings ;  and  comprises  a  quantity  of  tabulated  matter  of  great 
value  to  ail  engaged  in  desiring,  constructing,  or  estimating  for  Engines,  Boilers, 
a«u/ other  Engineering  Work. 

"  We  have  kept  it  at  hand«for  several  weeks,  referring  to  it  as  occasion  arose,  and  we  have  not 
on  a  shigle  occasion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest." 
^Athenautn, 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  leanilng 
something  that  wfll  Be  of  service  to  him."— Marine  Engineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of 
engineering.  "—iSctftrmaM . 

"This  valuable  manual  embodies  the  results  and  experience  of  the  leadhng  authorities  on 
mechanical  engineering."— ^w^/4I^<m^  News. 

"  The  author  has  collected  together  a  surprising  quantity  of  rules  and  practical  data,  and  has 
shown  much  Judgment  in  the  selections  he  has  made.  .  .  .  There  is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium."— ^iv^mmt. 

"  A  mass  of  information  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  b  uniformly  good  and  well  chosen,  and  is  greatly  ehicidated 
by  the  illustrations.  The  book  will  find  its  way  on  to  most  engineers'  shelves,  where  It  will  rank  as 
one  of  the  most  useful  books  of  reference."— /VorMca/  Eng^teer. 

"  Full  of  useful  information,  and  should  be  found  on  the  office  shelf  of  all  i 
"EngUsh  MechaniU. 


MECHANICAL  ENGINEERING,  M. 
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5TEAM   BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  Boiler-Makers,  and  Steam  Users. 
Containing^  a  large  Collection  of  Rules  and  Data  relating  to  Recent  Practice 
in  the  Design,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
motive, and  Marine  Steam-Boilers.  By  Walter  S.  Hutton,  Civil  and 
Mechanical  Engineer,  Author  of  "The  Works'  Manager's  Handbook,"  "The 
Practical  Engineer's  Handbook,"  &c.  With  upwards  of  500  Illustrations. 
Fourth  Edition,  carefully  Revised,  and  Enlarged.  Medium  8vo.  over  680  pages, 
cloth,  strongly  bound.  [Jwi  Puhlishsd.    1 8/0 

B^*"  This  Work  is  issued  in  continuation  of  tht  Setiss  0/  Handbooks  written 

S'  the  Author,  vix. : — "  The  Works'  Manager's  Handbook  "  and  "  The  Practical 
ngineer's  Handbook,"  which  are  so  highly  appreciated  by  engineers  for  the 
practical  nature  0/  their  information ;  and  is  consequently  written  in  the  same  style 
as  those  works. 

The  Author  believes  that  the  concentration,  in  a  convenient  forfn  for  easy 
reference,  of  such  a  large  amount  of  thoroughly  practical  informatum  on  Steam- 
Boilers.  will  be  of  considerable  service  to  those  for  whom  it  is  intended^  and  he  trusts 
the  book  may  be  deemed  worthy  of  as  favourable  a  reception  as  has  6Mn  accorded  to 
its  predecessors. 

"  One  of  the  best,  if  not  tbe  best,  books  op  boilers  that  has  erer  been  published.  The  infor* 
mation  is  of  the  right  Idnd.  in  a  simple  and  accessible  fonn.  So  Car  as  feneration  is  concerned,  this 
Is,  undoubtedly t  the  standard  book  on  steam  practice." — Electrical  Review. 

"  Every  detail,  both  in  boiler  design  and  management,  is  clearly  laid  before  the  reader.  The 
volume  shows  that  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciences ;  and  such  a  book  is  of  the  utmost  value  to  the  fin  tU  siicU  Engineer  and  Works  Manager." 
^Maritu  Engineer. 

"  There  has  long  been  room  for  a  modem  handbook  on  steam  boilers ;  there  is  not  that  room 
now,  because  Mr.  Hutton  has  iilled  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occupied 
in  the  construction,  design,  selection,  or  use  of  \iciiLKt%."— Engineer. 

"  The  book  is  of  so  important  and  comprehensive  a  character  that  it  must  find  its  way  into  the 
Ibraiies  of  every  one  interested  in  boiler  using  or  boiler  manufacture  if  they  wish  to  be  thoroughly 
iifbrmed.  We  strongly  recommend  the  book  for  the  intrinsic  value  of  its  contents."— J/acA«>Mry 
Market. 

PRACTICAL   MECHANICS'    WORKSHOP   COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulse  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  Templeton,  Author  of 
"  The  Engineer's  Practical  Assistant,"  &c.,  &c  Eighteenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Author 
of  "The  Works'  Manager's  Handbook,*;  "The  Practical  Engineer's  Hand- 
book," &c.  Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  350  Illus* 
trative  Diagrams,  strongly  bound  for  workshop  or  pocket  wear  and  tear .    6/0 

"  In  its  modernised  form  Hutton 's  '  Templeton '  should  have  a  wide  sale,  for  it  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  teamed  to  value  the  original  editions  of '  Templeton.'"— £'m!^/sxA  Mechanic. 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify ;  and  there  are 
a  great  many  men  who,  in  a  great  measure,  owe  theur  rise  in  lue  to  this  little  ooo)L."--BuUdiMg 
News. 

"  Thb  familiar  text-book— well  known  to  all  mechanics  and  engineers— is  of  essential  service 
to  the  every-dav  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineering  ana  building.  The  new  modernised  edition  is  worth  its  weight  in  gcAd."—Built^^ 
News.    (Second  Notice.) 

"  This  well-known  and  largely-used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduced  as 
to  constitute  it  practically  a  new  book.  It  will  be  largely  used  in  the  office  and  workshop."— 
Mechanical  World, 

"  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable,  and  useful 
book  to  Mr.  Hutton,  than  whom  a  more  competent  man  they  could  not  have  found."— Iren. 


BNQINEER'5   AND  MILLWRIQHT'5  A55I5TANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.    By  William  Templeton. 
Eighth  Edition,  with  Additions.    xSmo,  cloth 2/6 

"Occupies  a  foremost  place  among  books  of  this  kind.  A  mote  suitable  present  to  an 
apprentice  to  any  of  the  mechanical  trades  could  not  possiblv  be  nuLde.''—Bi4ihiing  News. 

"A  deswrvedly  popular  work.  It  should  be  in  the  'orawer'  of  every  mecliaiik."--i?M£MrA 
Meefumic,  «  ■-  ■-  *  -• 

A  a 


4  CROSBY  LOCKWOOD  ^  SON'S  CATALOGUE, 

THE  MECHANICAL  ENQINEER'5  REFERENCE  BOOK. 

"  For  Machine  and  Boilor  Constniction.  In  Two  Parts.  Part  I.  Gbmkxai. 
Enginbbking  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nblson  Folby,  M.I.N. A.  Second  Edition, 
Revised  throufi^hont  and  much  Enlarged.    Folio,  half-bound .    Net 


PART  I.— Mbasurbs.— Circumfbrbncbs  and  Areas,  &c..  Squares,  Cubbs. 
Fourth  powbrs.— Square  and  cube  roots.— Surface  op  tubes.— Reciprocals.— 
Logarithms. —  MENSURATION.- Specific  Gravities  and  weights.— work  and 
POWER.  — Heat.— COMBUSTION.— Expansion  and  Contraction.— Expansion  of 
Gases.— Steam.— Static  Forces.— Gravitation  and  Attraction.— Motion  and 
computation  of  resulting  forces.— accumulated  work.— centre  and  radius 
of  gyration.— moment  of  inertia.— centre  of  oscillation.— elbctricmr.— 
strength  of  materials.- elasticity.— test  sheets  of  metals.— friction.— 
transmission  of  power.- flow  of  liquids.— flow  of  gases.— alr  pumps.  surfacs 

CONDENSERS.  &C.— SPEED  OF  STBAMSHIPS.—PROPELLBRS.— CUTTING  TOOLS.— FLANGBS. 

—Copper  Sheets  and  Tubes.— Screws,  Nuts,  bolt  Heads.  &c.— Various  Rbcipbs 
AND  Miscellaneous  Matter.- With  DIAGRAMS  for  Valve-Gear,  Bblting  and 
ropbs.  Discharge  and  suction  pipes.  Screw  propellers,  and  Copper  pipbs. 

PART  II.— Treating  of  Power  of  Boilers.— Useful  Ratios.— Notes  on 
Construction.  —  Cylindrical  Boiler  shells.  —  Circular  Furnacbs.  —  Flat 
PLATES.- Stays.  —  Girders.— screws.  —  Hydraulic  Tests.  —  Riveting.  —  Boiler 
Setting,  Chimneys,  and  mountings.— Fuels,  &c.— Examples  of  Boilers  and  Speeds 
OF  Steamships.- Nominal  and  Normal  horse  power.— with  DIAGRAMS  for  all 
Boiler  Calculations  and  drawings  of  many  Varieties  of  Boilers. 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  The  diajframs  are  a  great  feature  of  the 
work.  It  may  be  stated  that  Mr.  Foley  has  produced  a  volume  which  will  undoubtedly  fulfil  the 
desire  of  the  author  and  become  indispensable  to  all  mechanical  engineers."— AfaWf*«  Engineer. 

"  We  have  careftiDy  examined  this  work,  and  pronounce  it  a  most  excellent  reference  book 
for  the  use  of  marine  eagtaeen."— journal  0/ American  Society  qf  Naval  Engineers, 

TEXT-BOOK   ON   THE  5TEAM   ENGINE. 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Heat  Engines.  By 
T.  M.  Goodeve,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London  ;  Author  of  The  Principles  of  Mechanics,"  "  The 
Elements  of  Mechanism,"  &C.    Fourteenth  Edition.    Crown  8vo,  cloth  .     6/0 

"  Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine  which  will  bear  compailsoa 
with  anything  written  by  Huxlev  or  Maxwell,  and  we  can  award  it  no  higher  praise."— J?M(rMM«r. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  eng^eer  should  possess  himself." 
—Mining  yournal. 

ON   QAS   ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.    By  T.  M. 

Goodbye,  M.A.    Crown  8vo,  cloth 2/6 

"  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exception  In  point  of  general  ftTcHlimce. 
It  is  a  valuable  little  v6i\xcab."—Mechanical  IVorld. 

GAS    AND   OIL    ENGINE    MANAGEMENT. 

A  Practical  Guide  for  Users  and  Attendants,  being  Notes  on  Selection, 
Construction,  and  Management  ^  By  M.  Powis  Bale,  M.I.M.E.,  A.M.I.C.E. 
Author  of  "  Woodworking  Machinery,"  &c.    Crown  8vo,  cloth. 

U**st  Published,    Net  3/6 

THE    GAS-ENGINE    HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.   With  Forty  Full-page  Engravings.  Small  Fcap.  Svo,  leather. 

Net  BIS 

A  TREATISE   ON   STEAM   BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.  By  R.  Wilson,  CE. 
Fifth  Edition.     x2mo,  cloth 6/0 

"  The  best  treatise  that  has  ever  been  published  on  steam  hm^Kti."— 'Engineer, 

THE  MECHANICAL  ENGINEER'S  COMPANION 

of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millimetres, 

auares,  cubes,  roots,  &c. ;  Strength  of  Bolts,  Weight  of  Iron,  &c. ;  Weights, 
easures,  and  other  Data.    Also  Practical  Rules  for  Engine  Proportions.    Bv 
R.  Edwards,  M.Inst.C.E.     Fcap.  Svo,  cloth.  8/8 

"A  very  useful  little  volume.     It  contains  many  tables,  classified  data  and  memonnda 
generally  useful  to  engineers."— £Mjp^M««r. 


"  Wl^'-Jt  profeMos  to  be.  •  a  handv  office  companion,'  giving  In  a  succinct  fenn,  a  vaifaty  of 
to  be  requited  by  mechanical  engineers  In  their  evccyday  office  wotk.'*-^a<te»«. 


infbrmation  lUnoy  t( 


MECHANICAL  ENGINEERING,  &c. 


A    HANDBOOK   ON   THE   5TEAM   BNQINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineerine  Students,  and  users 
of  Steam  Power.  By  Herman  Harder,  C.E.  Translated  from  the  German 
with  additions  and  suterations,  by  H.  H.  P.  Powlbs,  A.M.I.C.E..  M.I.M.E. 
Third  Edition,  Revised.  With  nearly  1,700  Illustrations.  Crown  8vo, 
cloth Net     7/^ 

"  A  petfect  encyclopaedia  ef  the  steam  engine  and  its  details,  and  one  which  must  cake  a  pei- 
maaent  place  in  English  dirawing-offices  and  woncshops."— ^  Foreman  Pattem-maJter. 

"  This  is  an  excellent  boojc,  and  should  be  in  tiie  hands  of  all  who  are  interested  in  the  con* 
•tmctlon  and  design  of  medium-sized  stadonary  engines.  ...  A  careful  study  of  its  contents  and 
the  arrangement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  It 
In  this  country.  The  volume  aims  at  showing  the  results  of  practical  expenence,  and  it  certainly 
may  claim  a  complete  achievement  of  this  ide^i."— Nature. 

"  There  can  be  no  Question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  of  the  steam  engine." — Mechanical  IVorld, 

BOILER   AND    FACTORY   CH1MNEY5. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Lightning  Conductors, 
By  Robert  Wilson,  A.I.CE.,  Author  of  "  A  Treatise  on  Steam  Boilers,"  &c. 

Crown  8vo,  cloth 3/6 

A  valuable  contribution  to  the  literature  of  scientific  building."— r/v  BuiUer. 

BOILER  MAKER'5  READY  RECKONER  &  A5515TANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Plater?, 
Smiths,  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
AT  I. C.E.    Foflrth  Edition,  480  pp.,  with  140  Illustrations.     Fcap.  8vc,  half- 

botmd .    7/0 

**No  worlcman  or  apprentice  should  be  without  this  book."— /rtfw  Trade  Circular. 

REFRIGERATION,  COLD    STORAGE,  &  ICE-MAKING: 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.      By  A.  J. 
Wallis-Taylbr,  A.M.Inst.C.E.,  Author  ot  ''Refrigerating  and  Ice-Making 
Machinery."  600  pp.,  with  360  Illustrations.  Medium  8vo,  cloth.  Net  1 5/0 
"The  author  has  to  be  congratulated  on  the  completion  and  production  of  such  an  impor- 
tant work  and  it  cannot  faiito  have  a  \axfie  body  of  readers,  for  it  leaves  out  nothing  that  would  in 
any  way  be  of  value  to  those  interested  in  the  sabiect."— Steamship. 

"No  one  whose  duty  it  is  to  handle  the  mammoth  preserving  installations  of  these  latter  days 
can  afford  to  be  without  this  valuable  hooV.." —Glasg^ow  Herald. 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKINQ. 

Edited  by  A.  J.  Wallis-Tayler,  A.M.Inst.C.E.  Author  of  "Refrigerating 
and  Ice-making  Machinery,"  &c.    Small  Crown  8vo,  cloth. 

[Just  Published,    Net  316 

REFRIGERATING    &   ICE-MAKING    MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  otlfers.  By  A.  J.  Wallis-Taylbr, 
A.-M.  Inst.  C.£.    Third  Edition,  Enlarged.    Crown  8vo,  cloth     .        .     7/6 

"Practical,  explicit,  and  psofitsely  illustrated."— (r/cu^iTW  Herald. 

"  We  recommend  the  boolc,  which  gives  the  cost  of  various  s^ems  and  illustrations  showing 
details  of  parts  of  machinery  and  general  arrangements  of  complete  installations."— ^m«/(^. 

"  May  be  recommended  as  a  useful  description  of  the  machmery,  the  processes,  and  of  the 
facts,  figures,  and  tabulated  physics  of  refrigerating.  It  is  one  of  the  best  compilatioos  on  the 
sah^pcxr— Engineer. 

ENGINEERING  E5TIMATE5,  C05T5,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  ntunerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers',  and  a  Section  on  the  Preparation  of  Costs  Accounts.  Bv 
A  General  Manager.   Second  Edition.  8vo,  cloth.    ....    12/0 

"  This  is  an  excellent  and  ftry  useful  book,  coveting  subject-matter  in  constant  requisition  in 
•veiy  factory  and  worluhop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engineer,  but 
also  to  the  estimate  department  of  every  works."— ^MtVUtf. 

"  We  accocd  the  work  uaqualified  praise.  The  infonnation  Is  given  In  a  plain,  straightforward 
maaaer,  and  bears  throughout  evidence  of  the  Intimate  practical  acquaintance  of  the  author  with 
every  phase  of  commercial  engineering."— JtfircAan^lai/  Ivor  Id. 


CROSBY  LOCKWOOD  «•  SON*S  CATALOGUE, 


H0I5T1NQ    MACHINERY. 

An  Elementary  Treatise  on.  Including  the  Elements  of  Crane  Construction 
and  Descriptions  of  the  Various  Types  of  Cranes  in  Use.  By  Joseph 
Horner,  A.M.I.M.E.,  Author  of  *•  Pattern- Making,"  and  other  Works. 
Crown  8vo,  with  215  Illustrations,  including  Folding  Plates,  cloth. 

l/usi  Published.    Net  7/6 

AERIAL  OR  WIRE-ROPE  TRAMWAYS. 

Their  Construction  and  Management.  By  A.  J.Wallis-Tatlbr,  A.M.Inst.C.B. 

With  8z  Illustrations.    Crown  8vo,  cloth 7/6 

"  This  is  in  its  way  an  excellent  volume.  Without  goings  into  the  minutiae  of  the  subject,  it 
)ret  lajrs  before  its  readers  a  very  g^ood  exposition  of  the  various  systems  of  rope  transmission  in  use, 
and  gives  as  well  not  a  little  valuable  information  about  their  working,  repair,  and  management. 
We  can  safely  recommend  it  as  a  useful  general  treatise  on  the  subject."— /%«  EH^rineer. 

MOTOR  CARS  OR  P0WER-CARR1AQE5  FOR  COMMON 

R0AD5. 

By  A.  J.  Wallis-Tatlbr,  A.  M.  Inst.  C.E.,  Author  of  "Modem  Cycles,*' 

&c.     312  pp.,  with  76  Illustrations.     Crown  Svo,  cloth    ....    4/6 

"  The  book  is  clearly  expressed  throughout,  and  is  Just  the  sort  of  work  that  an  engineer 
thinking  of  turning  his  attention  to  motor-carriage  work,  would  do  well  to  read  as  a  preliminary 
to  startmg  o'p&ea.\^oti&."'— Engineering. 

PLATING    AND    BOILER   MAKING. 

A  Practical  Handbook  for  Workshop  Operations.     By  Joseph  G.  Hornbr, 

A.M.I.M.E.    380  pp.  with  338  Illustrations.    Crown  8vo,  cloth     .        .    7/6 

"  This  work  is  characterised  by  that  evidence  of  dose  acquaintance  with  workshop  methods 
which  will  render  the  book  exceedingly  acceptable  to  the  practical  hand.  We  have  no  hesitati&n 
in  commending  the  work  as  a  serviceable  and  practical  haiidbook  on  a  subject  whi^  has  not 
hitherto  received  much  attention  from  those  quuified  to  deal  »ith  it  in  a  satisfactory  manner."— 
Mechanical  World. 

PATTERN    MAKING. 

A  Practical  Treatise,  embracing  the  Main  Types  of  Engineering  Construction, 

and  including  Gearing,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 

Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam 

and  Greensand,  estimating  the  weight  of  Castings  &c.    By  Joseph  G.  Horner, 

A.M.I.M.E.  Third  Edition,  Enlarged.    With  486  Illustrations.    Crown  8vo, 

cloth.  Net  7/6 

"  A  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 

tised  what  he  has  written  about.  .  .  .  We  cordially  recommend  it  to  engineering  students,  young 

journeymen,  and  others  desirous  of  being  initiated  into  the  mysteries  of  pattern-making."— ^w»/«br. 

"An  excellent  vadt  mecum  for  the  apprentice  who  desires  to  become  master  of  his  trade." 

'—English  Mechanic. 

MECHANICAL   ENGINEERING    TERMS 

(Lockwood's  Dictionary  of).^  Embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com* 
prising  upwards  of  6,000  Definitions.  Edited  by  J.  O.  Horner,  A.M.I.M.E. 
Third  Edition,  Revised,  with  Additions.     Crown  8vo,  cloth  .        .    Net  7/6 

"  Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  in  mechanical  en- 
gineering. The  practical  engineering  pupil  will  find  the  book  of  great  value  m  his  studies,  and  every 
foreman  engineer  and  mechanic  should  have  a  copy."— Building  JVews. 

TOOTHED   GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Horner,  A.M.I.M.E. 

With  184  Illustrations.    Crown  8vo,  cloth 6/0 

"  We  give  the  book  our  unqualified  praise  for  its  thoroughness  of  treatment,  and  recommend 
it  to  all  interested  as  the  most  practical  book  on  the  subject  yet  wrttXtn."'^ Mechanical  fVorld, 

FIRES,    FIRE-ENGINE5,    AND    FIRE    BRIGADES. 

With  a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage* 
ment ;  Foreign  Fire  Systems ;  Hints  on  Fire-Brigades,  &c.  By  C.  F.  T. 
Young,  C.£.    Svo,  cloth ^1  4.g. 

J*  TS,?"*^**  °'  **"'  readers  as  are  Interested  In  the  subject  of  fires  and  fire  apparatus  m  can 
most  heartily  commend  this  book,"Sngineering. 


MECHANICAL   ENGINEERING,  ^.  7 

AgRIAL  NAVIGATION. 

A  Practical  Handbook  on  the  Construction  of  Dirigible  Balloons,  Aeiostats, 
Aeroplanes,  and  Aeremotors.  By  Frederick  Walker,  C.E.,  Associate 
Member  of  the  Aeronautic  Imtitute.  With  104  Illustrations.  Large  Crown 
8vo,  cloth Net    7/6 

STONB-WORKINQ    MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.  By  M.  Powis 
Bale,  M.I. M.£.    Second  Edition,  enlarged.    Crown  8vo,  cloth    .        .    9/0 

"  The  book  should  be  In  the  hands  of  every  mason  or  student  of  stonework."— C«//dl(rj^ 
GMortUan. 

"  A  capital  handbook  for  aU  who  manipulate  stone  for  building  or  ornamental  purpoaes."— 
iMadUtury  MmriUt. 

PUMP5   AND    PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  and 
Management.  By  M.  Powis  Bale,  M.I.M.E.  Fourth  Edition.  Crown 
8vo,  cloth 3/6 

"  The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  than  diffuse- 
ness  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anythbig  likely  to 
be  of  M9»."—yoMmal  of  Gas  Lighting. 

"  Thoroughly  practical  and  clearly  written."— C/af^tTW  Herald. 

MILLING   MACHINES   AND   PROCESSES. 

A  Practical  Treatise  on  Shaping  Metals  by  Rotary  Cutters.  Including 
Information  on  Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck, 
Author  of ' '  Lathe- Work. "  With  upwards  of  300  Engravings.  Large  crown  Svo, 
cloth 12/6 

"  A  new  departure  in  enslneerinff  literature.  .  .  .  We  can  recommend  this  work  to  all  in- 
terested in  milling  machines ;  it  is  what  it  professes  to  be— a  practical  Xxvalda»,"—Et%gin€er. 

"  A  capital  and  reliable  book  which  will  no  doubt  be  of  considerable  service  both  to  those 
who  are  already  acquainted  with  the  process  as  well  as  to  those  who  contemplate  its  adoption."— 
Industrits. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.  By  Paul  N.  Hasluck.  Eighth  Edition.  Crown  Svo, 
cloth 5/0 

"  Written  by  a  man  who  knows  not  only  how  work  ottght  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  autumers  this  book  would  be  valuable."— 
Bnginttring. 

"  We  can  safely  recommend  the  work  to  jroung  engineers.  To  the  amateur  it  will  simply  bo 
invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  information."— £»v^^iMr. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.  With  numerous  Tables  and  compltte 
Directions  for  using  Screw-Cutting  Lathes.  By  Paul  N.  Hasluck,  Author 
of  "  Lathe. Work,"  &c.    Sixth  Edition.    Waistcoat-pocket  size      .        .1/6 

"  Full  of  useful  information,  hints  and  practical  criticism.  Taps,  dies,  and  screwing  tools 
generally  are  illustrated  and  their  actton  described."— iU'««Aa»^a/  World. 

"  It  IS  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe ;  in  foct,  a  muUHiH 
im-^rvc  on  all  the  subjects  it  treats  upon."— Carj^enter  and  Buildtr. 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITECTS,  BUILDERS,  &c. 

Selected  and  Arranged  by  Francis  Smith.  Seventh  Edition,  Revised,  including 
Electrical  Tables,  FoRMULiS,  and  Memoranda.  Waistcoat-pocket  size, 
limp  leather.  {Just  Pttblishtd.    1  /6 

"  It  would,  perhaps,  be  as  diflicult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a  uniTersal  medicine ;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt."— ^yv^^Mer. 

"  The  best  example  we  have  ever  seen  of  370  pages  of  useful  matter  packed  into  the  dimen- 
sions of  a  CBxd-caat."— Building  News.  "  A  ventable  pocket  treasury  of  knowledge."— /rvw. 

POCKET   QL055ARY    OF   TECHNICAL   TERM5. 

English- French,  French-English;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.  By  John  Jambs 
Fletcher.    Third  Edition,  aco  pp.    Waistcoat-pocket  size,  limp  leather    1  /6 

"  It  is  a  very  great  advantage  for  readers  and  correspondents  hi  France  and  England  to  ha\  e 
so  large  a  number  of  the  words  relating  to  engineering  and  manu&cturers  collected  in  a  liliputian 
vofaime.    The  little  book  wiU  be  useful  both  to  students  and  travellers.  "-^reMtecf. 

"  The  gloasary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged 
We  conUalljr  commend  the  book."—MteAaniaU  ITorU. 
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THE   ENQINEER'S  YEAR   BOOK   FOR   1904. 

Comprising  Formals,  Rules,  Tables,  Data  and  Memoranda  in  .Civil,  Mechanical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kkmpb,  A.M.  Inst.  C.E., 
M.I.E.E.,  Principal  Technical  Officer,  Engineer^in-Chief's  Office,  General  Post 
Office,  London,  Author  of  "A  Handbook  of  Electrical  Testing,"  "The 
Electrical  Engineer's  Pocket-Beok,"  &c.  With  x,ooo  Illustrations,  specially  - 
Engraved  for  the  work.    Crown  8vo,  900  pp.,  leather.    [Just  PublishM,    8/0 

"Kempe's  Year  Bjok  really  requires  no  commendatioii.  Its  sphere  of  usefulness  is  widely 
known,  and  it  is  used  by  engineers  tbe  world  over."^Tke  iinginter. 

"The  Tolume  Is  distinctly  in  advance  of  most  siaoilar  pulilicatloDa  In  tltis  coontry."^ 
Bn£i»turiMg. 

"  This  Taluable  and  weil-deslgn«d  book  of  rafnreace  meets  tlie  demands  of  all  deaciiptloiis  of 
mDi^9en."~~SatHrday  Review. 

"  Teems  with  up-to-date  infonnation  in  every  branch  of  engineering  and  constructiafi."'— 
StMditurJVkws. 

'*  The  needs  of  the  engineering  profiBSsion  could  hardly  be  supplied  in  a  more  admliable, 
complete  and  convenient  form.  To  say  that  it  more  tlian  sustains  all  comparisons  is  praise  of  the 
highest  sort,  and  that  may  Justly  be  said  of  lL"—M'iHinf  yourrntl. 

"  There  is  certainly  room  for  the  newcomer,  which  supplies  exi^anatlons  and  directtons,  as 
well  as  formulae  and  tables.  It  deserves  to  become  one  of  the  most  successful  of  the  technical 
annuals.  "-'A  rchitect. 

"  Brings  tf^j^ether  with  gfreat  skin  aU  the  technical  information  which  an  engineer  has  to  use 
day  by  day.    It  is  in  every  way  admirably  equipped,  and  is  sure  to  prove  saccvsSbxL"— 'Scotsman, 

"  The  up-to-dateness  of  Mr.  Kempe's  compilation  is  a  quality  ttiat  will  not  be  lost  on  the  busy 
people  for  whom  the  work  is  intended."— (riSouffVTV  Herald, 

THE   PORTABLE   ENGINE. 

A  Practical  Manual  on  its  Construction  and  Management.      For  the  use 

of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dyson 

Wansbrough.    Crown  8vo,  cloth 3/6 

**  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  bxm  or  elsewhere."— AforA  Lane  Express. 

IRON    AND    STEEL. 

A  Work  for  the  Forge,  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takers ; 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and  Metal 
Founders;  Iron  Ship  and  Bridge  Builders;  Mechanical,  Mining,  and  Con* 
suiting  Engineers ;  Architects,  Contractors,  Builders,  &c  By  Charles  Hoakb, 
Author  of^'The  Slide  Rule,"  &c.     Ninth  Edition,    samo,  leather         .'    6/0 

CONDENSED   MECHANICS. 

A  Selection  of  Formulae,  Rules,  Tables,  and  Data  or  the  Use  of  Engineering 
Students,  &c    By  W.  G.  C.  Hughes,  A.M.I.C.E.    Crown  8vo,  cloth  .    2/o 

"  The  book  is  well  fitted  for  those  who  are  preparingf  for  examination  and  wish  to  reficesh 
their  knowledge  by  going  through  their  formulae  agam.  '—Marine  Ef^inetr, 

THE    SAFE    USE    OF   STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users.    By  an  Engineer.  *  Seventh 

Edition.    Sewed 6o« 

"  If  steam-users  would  but  leani  this  little  book  by  heart,  boOer  explosions  would  become 
sens  itions  by  their  ta3A\y."-Sniiish  Mechanic. 

THE    CARE   AND    MANAGEMENT   OF    STATIONARY 

BNQINES. 

A  Pract'.cal  Handbook  for  Men-in-charge.  By  C.  Hvrst.  Crown  8vo.  Net  1  /O 

THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  Robert  Weather* 
BURN,  M.I.M.E.  With  Illustrations  and  Portraits  of  George  and  Robert 
Stephenson.    Crown  8vo,  cloth.  Net   2/6 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT^ 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  1803  and  1903.  By  Clement  E.  Stretton,  C.E.  Sixth  Edition, 
Revised  and  Enlarged.    Crown  8vo,  cloth.  [Juit  Publish$d.    Net    4/6 

"  Students  of  railway  history  and  all  who  are  interested  in  the  evolution  of  the  mode:  O 
locomotive  will  find  much  to  attract  and  entertatai  in  this  volume."— rA«  Times. 


MBCHANICALl  ENGINEERING,    <S<. 


MODERN   MACHINE   5H0P  TOOLS, 

THBIR  CONSTRUCTION,  OPERATION,  AND  MANIPULATION. 

Including  both  Hand  and  Machine  Tools.  An  entirely  New  and  Fully 
Illustrated  Work,  treating  this  Subject  in  a  Concise  and  Comprehensive 
Manner.  A  Book  of  Practical  Instruction  in  all  Classes  of  Machine  Shop 
Practice.  Including  Chapters  on -Filing,  Fitting,  and  Scraping  Surfaces ;  on 
Drills,  Reamers,  Taps,  and  Dies  ;  the  Lathe  and  its  Tools  ;  Planers,  Sbapers, 
and  their  Tools ;  Milling  Machines  and  Cutters ;  Gear  Cutters  and  Gear 
Cutting ;  Drilling  Machines  and  Drill  Work ;  Grinding  Machines  and  their 
Work ;  Hardening  and  Tempering,  Gearing,  Belting,  and  Transmission 
Machinery;  Useful  Data  and  Tables.  By  William  H.  Van  Dervoort,  M.E. 
Illustrated  by  673  Engravings  of  Latest  Tools  and  Methods,  all  of  which  are 
fully  described.     Medium  8vo,  cloth.  l/itsi  Published.    Net  21  /O 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
Michael  Rbynoij>s,  formerly  Locomotive  Inspector,  L.  B.  &  S.  C.  R. 
Eleventh  Edition.  Including  a  Kxv  to  thb  Locomotivb  Engine. 
Crown  8vo,  cloth 4/6 

"  Mr.  Reynolds  has  supplied  a  want,  and  has  supptted  it  weL  We  can  confidently  recom* 
mend  the  book  not  only  to  the  practical  drivvr,  but  to  ereiyone  who  tates  an  interest  in  the 
perfonnance  of  locomotive  engines."— y/tg  Bnginter. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This  admirable 
practical  treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation." 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

Fireman,  and  Engine-Boy.    Comprising  a  Historical  Notice  of  the  Pi<meer 

Locomotive  Engines  and  their  InventOTS.    By  Michael  Reynolds.    Second 

Edition,  with  Revised  Appendix.    Crown  8vo,  doth.      ....    4/6 

"  We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."— /nm. 

CONTINUOUS  RAILWAY  BRAKE5. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 
their  Construction  and  Performance.    By  Michael  Reynolds.     8vo,  cloth 

9/0 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming 
public  opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake."— fnic7iM 
Mtchanic. 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.    By 

Michael    Reynolds.      Sixth'  Edition.      With     Plates    and     Woodcuts. 

Crown  8vo,  cloth 4/6 

•  '*  The  author's  advice  on  the  various  points  treated  is  clear  and  practical"— £»^n«fifi|f-. 
"  Our  author  leaves  no  stone  unturned.    He  is  determined  that  his  readers  shall  not  only 
know  something  about  the  sutionary  engine,  but  all  about  Mu'^—Bnginttr, 


ENGINE-DRIVING  LIFE. 

Stirring  Adventures  and  Incidents  in  the  Lives  of  Locomotive  Engine* 
Drivers.    By  Michael  Reynolds.    Third  Edition.    Crown  8vo,  cloth  .  1  /6 

"  From  first  to  last  perfectly  fascinating.  Wilkie  Collins's  most  thrilling  conceptions  are 
thrown  into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— AivrM 
BrtHsh  Mail. 

THE  ENGINEMAN'5  POCKET  COMPANION, 

And  Practical  Educator  for  Enginemen,  Boiler  Attendants,  and  Mechanics. 
By  Michael  Reynolds.  With  45  Illustrations  and  numerous  Diagrams 
Fourth  Edition,  Revised.     Royal  z8mo,  strongly  botmd  for  pocket  wear.  8/6 

"  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an 
engine-minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  require."— 
The  MiUer. 
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CIVIL  ENGINEERING,  SURVEYING,  ETC. 
PIONEER    IRRIGATION. 

A  Manual  of  Information  for  Farmers  in  the  Colonies.  By  E.  O.  Mawson, 
Executive  Engineer,  Public  Works  Department,  Bombay.  With  Numerous 
Plates  and  Diagrams.     Medium  8vo,  cloth. 

[Just  ready.    Price  about  7 IS  «^'« 

Summary  of  Contents  :— Value  of  Irrigation,  and  sources  of  Water 
SUPPLY.— Dams  and  weirs.— Canals.— Underground  Water.— Methods  of  irri- 
gation.— Sewage  irrigation.— imperial  automatic  Sluice  Gates.— The  culti- 
vation OF  Irrigated  Crops,  Vh-getables,  and  Fruit  trees.— Light  Railways 
for  Heavy  traffic— Useful  memoranda,  Tables,  and  Data. 

TUNNELLING. 

A  Practical  Treatise.  By  Charles  Prelini,  C.E.  With  additions  by 
Charles  S.  Hill,  C.E.  With  150  Diagrams  and  Illustrations.  Royal  8vo, 
cloth iVeM  6/0 

PRACTICAL   TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft  •sinking,  and  Heading-driving, 
Ranging  the  Lines^  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  Tunnels.  By  F.  W.  Simms, 
M.  Inst.  C.E.  Fourth  Edition,  Revised  and  Further  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-aqueous  and  other  Tunnels,  by  D.  Kinnbar 
Clark,  M.  Inst.  C.E.    With  34  Folding  Plates.   Imperial  8vo,  cloth   £2  2s. 

"  The  present  (1896)  edition  hiis  been  brou^t  right  up  to  date,  and  is  thus  rendered  a  work  to 
which  civil  engineers  generally  should  have  ready  access,  and  to  which  engineers  who  have  con- 
struction worlc  can  hardly  afford  to  be  without,  but  which  to  the  jrounger  members  of  the  profession 
Is  invaluable,  as  from  its  pages  they  can  learn  the  state  to  which  the  science  of  tunneJltng  hn 
attained."— J^a«7wa>  News. 

THE  WATER  SUPPLY   OF  TOWNS   AND   THE   CON- 
STRUCTION  OP  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M.  Inst.  C.E.,  Consulting  Engineer  to  the  Tokyo 
Water- works.  Second  Edition,  Revised  and  Extended.  With  numerous 
Plates  and  Illustrations.    Super-royal  8vo,  buckram,  l/ttst  PublisheeL,    26/0 

I.  Introductory.  —  II.  Different  Qualities  of  water.  —  III.  quantity  op 
Water  to  be  provided.— iv.  on  ascertaining  whether  a  proposed  source  of 
SUPPLY  IS  Sufficient.— V.  On  Estimating  the  storage  capacity  required 
TO  BE  Provided.— VI.  Classification  of  Water-works.— vii.  impounding  reser- 
voiRS.— VIII.  Earthwork  Dams.— IX.  Masonry  Dams.— X.  the  Purification  of 
Water.— XI.  Settling  Reservoirs.— XII.  Sand  Filtration.— XIII.  Purification 
OF  Water  by  action  of  Iron.  Softening  of  Water  by  action  of  Limb,  Natural 
Filtration.— XIV.  Service  or  Clean  Water  Reservoirs— Water  towers— Stand 
Pipes.— XV.  the  connection  of  Settling  reservoirs.  Filter  Beds  and  service 
Reservoirs.- XVI.  pumping  machinery.— XVII.  flow  of  Water  in  Conduits- 
Pipes  AND  Open  Channels.— XVIII.  Distribution  Systems.— XIX.  Special  Pro- 
visions FOR  THE  Extinction  of  Fire.— XX.  Pipes  for  Water-works.- XXI.  Pre- 
VENTION  of  Waste  of  Water.— XXII.  Various  Appliances  used  in  Connection 
with  water-works. 

appendix  I.     By  PROF.  JOHN  MILNE.  F.R.S.— CONSIDERATIONS  CONCERNING  THE 

PROBABLE  Effects  of  Earthquakes  on  Water-works,  and  the  special  pre- 
cautions TO  BE  TAKEN  IN  EARTHQUAKE  COUNTRIES. 

Appendix  II.  By  JOHN  DE  RIJKE,  C.E.— On  Sand  Dunes  and  Dune  Sand  as 
A  Source  of  water  supply. 

"  The  chapter  upon  filtration  of  water  is  very  complete,  and  the  details  of  constnictioa  weO 
Illustrated.  .  .  .  The  work  should  be  specially  valuable  to  civil  en^eers  engaged  in  woric  in 
Japan,  but  the  interest  is  by  no  means  confined  to  that  \<ociia.tf."— Engineer. 

"  We  congratulate  the  author  upon  the  practical  commonsense  shown  in  the  preparation  of 
this  work.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  caie,  and 
cannot  fail  to  be  of  great  assistance  to  the  student."— ^MtA^. 

RURAL   WATER   SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  small  Country  Districts.  By  Allan  Grbenwbll,  A.M.I.CE., 
and  W.  T.  Curry,  A.M.I.C.E.,  F.G.S.  With  Illustrations.  Second  Edition, 
Revised.    Crown  8vo,  cloth       ■» 5/0 

"  We  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  in  obtainlag 
water  for  small  districts,  giving  a  great  deal  of  practical  information  in  a  smal  Icompass."— f  «<U(r. 

"  The  volume  contains  valuable  information  upon  all  matters  connected  wuh  water  sui^ify, 
.    .    .    It  is  full  of  details  on  points  which  are  continually  before  water-works  engineers."— ■ASaftirv. 


CtVtL  BNGINBERWG,  SURVBYmO,  ^.  il 

THE   WATER  SUPPLY   OF   CITIE5   AND   TOWNS. 

By  William  Humbbr,  A.  M.  Inst.  C.B.,  and  M.  Inst.  M.S.,  Anthor  of  "  Cast 
and  Wroag[ht  Iron  Bridge  Construction,"  &c,  &c.  Illustrated  with  50  Doable 
Plates,  X  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Woodcuts, 
and  containing  400   pp.   of  Text.     Imp.  4to,   elegantly    and    substantially 

half-bound  in  morocco Iftt  £6  6s. 

List  of  contents.    I.  Historical  sketch  op  some  op  thb  means  that  have 

BBEMAOOPTHO  POK  IHB  SUPPLY  OP  WATER  TO  CITIES  AND   TOWNS.— II.  WATER  AND 

THE  Foreign  matter  usually  associated  with  it.— III.  Rainpall  and  evapora- 
TioN.— IV.  Springs  and  the  Water-bearing  Formations  op  various  Districts. 
—V.  Measurement  and  Estimation  op  the  Flow  op  Water.— vi.  on  the  Selbction 

op  the  source  op  supply.— VII.  WELLS.— VIII.  RESBRVOIRS.— IX.  THE  PURIPICATION 
OP  WATER.— X.  PUMPS.— XI.  PUMPING  MACHINERY.— XII.  CONDUITS.— XIII.  DISTRIBU- 
TION OP  WATER.— XIV.  METERS,  SERVICE  PIPES,  AND  HOUSE  FlTTINCS.- XV.  THE  LAW 
AND  ECONOMY  OP  WATER-WORKS.— XVI.  CONSTANT  AND  INTERMITTENT  SUPPLY.— 
XVII.    DESCRIPTION  OP  PLATES.— APPENDICES,  GIVING  TABLES  OP   RATES  OP   SUPPLY, 

VBLOcrriES,  &c.,  &c.,  together  with  Specifications  op  several  Works  illus- 
trated,    AMONG    which    WILL    BB    POUND :     ABBRDEBN,    BiDBPORD,     CANTERBURY, 

Dundee,  Halifax,  Lambeth,  Rotherham,  Dublin,  and  others. 

"  The  most  systematic  and  Taluable  work  upon  water  supply  hitherto  produced  in  English,  or 
in  any  other  language.  Mr.  Humber's  work  is  characterised  almost  throughout  by  an 
exhausdTeness  much  more  distinctlTe  of  French  and  German  than  of  Eng^sh  technical  treatises. " 

THE  PROGRESS  OF  ENQINEERINQ  (1863-6). 

By  Wm.  Humbbr,  A.M. Inst.C.E.  Complete  in  Four  Vols.  Containing  148 
Double  Plates,  with  Portraits  and  Copious  Descriptive  Letterpress.  Impl.  410, 
half-morocco.  Price,  complete,  £12  12b.  \  or  each  Volume  sold  separately 
at  £3  Ss.  per  Volume.    Descriptive  List  of  Contents  on  application. 

HYDRAULIC  POWER  ENQINEERINQ. 

A  Practical  Manual  on  the  Concentration  and  Transmission  of  Power  by 

Hydraulic  Machinery.      By  G.  Croydon  Marks,  A.M.  Inst.  C.E.    With 

nearly  300  Illustrations.    8vo,  cloth.  Net  9/0 

Summary  of  contents,  principles  of  hydraulics.— The  Flow  of  water. 
—Hydraulic  pressures.  Material.— test  load  Packings  for  Sliding  Surfaces. 
—Pipe  Joints.— Controlling  Valves.- Platform  Lifts.— Workshop  and  foundry 
CRANES/— Warehouse  and  £>ock  Cranes.— Hydraulic  Accumulators.— Presses 
forBaling  and  othbrpurposes.— Sheet  metal  Working  and  forging  machinery. 
—Hydraulic  Rivetters.— Hand,  Power,  and  Steam  Pumps.— Turbines.— Impulse 
Turbines.— Reaction  Turbines.— Design  of  Turbines  in  Detail.— Water  wheels. 
—Hydraulic  engines.— Recent  achievements.— pressure  of  Water.— Action 
of  Pumps,  &c. 

.  "  We  have  nothing  but  praise  for  this  thoroughly  valuable  work.    The  author  has  succeeded 
In  rendering  his  subject  uiteresting  as  well  as  instructive."— ^rac^a/  Engineer. 

"Can  be  unhesitatingly  recommended  as  a  useful  and  up-to-date  manual  on  hydrauHc  trans- 
mission and  utilisation  oi  ^ittt."— Mechanical  World 

HYDRAULIC  TABLES,  C0-EFFICIENT5,  &  FORMULiC. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Kain-fiEdl, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  C.E.,  M.R.I.A.  Third  Edition,  revised,  with 
additions.  Numerous  Illustrations.  Crown  8vo,  cloth  ...  1 4/0 
"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness."— ^rcAtfi^c^. 

HYDRAULIC   MANUAL. 

Consisting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  io 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,"  "Modem  Metrology,"  &c  Fourth 
Edition,  Enlarged.    Large  crown  8vo,  cloth 1 Q/Q 

"The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  branch  of  the  engineer's  ^loitaaaaa."'— Engineering. 

WATER   ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa* 

tion  of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 

ByCHARLBsSLAGG,A.M.Inst.C.£.  Second  Edition.  Crown  8vo,  cloth.    7/6 

"  As  a  smaU  practical  treatise  on  the  water  supply  of  towns,  and  on  some  applications  of  water- 
power,  the  work  is  in  many  respects  vtiailiMBX."—Bngine€ring. 


la         CROSBY  LOCKWOOD  &>  SON'S  CATALOGUE. 

THB  RECLAMATION  OP  LAND  PROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  in 
Works  of  Reclamation.     By  Alkx.  Bbazklbt,  M.Inst.  CE.    8vo,  doth. 

iVr/  1  o/s 

"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  recUimlng  land  from  the  sea,  and 
the  best  way  of  doing  it.  The  worlc  contains  a  great  deal  of  practical  and  usefiil  information  whicb 
cannot  fail  to  be  of  service  to  engineers  entrusts  with  the  enclosure  of  salt  marshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea." — The  Engineer. 

"  The  auuor  has  carried  out  his  task  efficiently  and  well,  and  his  book  contahis  a  lazspe 
amount  of  information  of  great  service  to  engineers  and  others  interested  in  worlcs  of  reclamation." 
—Nature, 

MA50NRY  DAM5  PROM  INCEPTION  TO  COMPLETION. 

Including  numerous  Formulae,  Forms  of  Specification  and  Tender,  Pocket 
Diagram  of  Forces,  &c  For  the  use  of  Civil  and  Mining  Engineers.  By 
C.  F.  Courtney,  M.  Inst.  C.E.    8vo,  cloth 9/0 

**  The  volume  contains  a  good  deal  of  valuable  data.  Many  useful  suggestions  will  be  found 
in  the  remarks  on  site  and  position,  location  of  dam,  foundations  and  construction.'*— i^M^ftftM;^ 
News. 

RIVER    BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour  " ;  with  a  Description  of  the  Successful  Reduction  hy  this  Method  of 
the  Bar  at  Dublin.  By  1.  J.  Mann,  Assist.  Eng.  to  the  Dublm  Port  and  Docks 
Board.     Royal  8vo,  cloth 7/6 

"  We  recommend  all  interestea  In  harbour  works— and.  Indeed,  those  concemed  la  the 
improvements  of  rivers  generally— to  read  Mr.  Mann's  interesting  work,"— Engineer. 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comporehensive  History  of  the  System;  with  an  exhaustive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c. ;  a  Description  of  the  Varieties  of 
Rolling  Stock ;  and  ample  Details  of  Cost  and  Working  Expenses.  New 
Edition,  Thoroughly  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c.,  &c.  By  D.  Kinnbar  Clark,  M.  Inst.  CE. 
With  400  Illustrations.    8vo,  780  pp.,  buckram.  S28/0 

"  The  new'  volume  is  one  which  will  rank,  among  tramway  engineers  and  those  interested  in 
tramway  working,  with  the  Author's  world-famed  book  on  railway  machinery."— T'A^  Engineer. 

SURVEYING  AS  PRACTISED  BY  CIVIL   ENGINEERS 

AND  5URVEYOR5. 

Including  the  Setting-out  of  Works  for  Construction  and  Surve}^  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  the  Field 
and  the  Office,  intended  also  as  a  Text-book  for  Students.  By  John  Whitb- 
LAW,  Jun.,  A.M.  Inst.  C.E.,  Author  of  "  Points  and  Crossings.      With  about 

260  Illustrations.     Demy  Svo,  cloth Net  1 0/6 

"This  work  is  written  with  admirable  lucidity,  and  will  certainly  be  found  of  distinct  value 
both  to  students  and  to  those  engaged  in  actual  practice." — The  Builder. 

PRACTICAL    SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  George  W.  Usill,  A.M.I.C.E._  ^  With  4  Lithographic 
Plates  and  upwards  of  330  Illustrations.  Seventh  Edition.  Including  Tables 
of  Natural  Sines,  Tangents,  Secants,  &c.  Crown  Svo,  7/6  cloth ;  or,  on  Thin 
Paper,  leather,  gilt  edges,  rounded  corners,  for  pocket  use  .        .        .1 2/6 

"  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes 
of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  inthor,  In 
his  experience  as  surveyor,  draughtsman  and  teacher,  has  foimd  necessary,  and  which  the  student 
In  his  mexperience  will  find  most  serviceable."— J^M^'ft^er. 

"  The  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  EngfaMering."— 
Architect, 

AID   TO   SURVEY    PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out;  and  in  Route  Sur* 
veys  of  Travellers  by  Land  and  Sea.  With  Tsdiles,  Illustrations,  and  Records. 
By  Lowis  D'A.  Jackson,  A.M.I. C.E.     Second  Edition,  Enlarged.    Svo, 

cloth 12/6 

"  Mr.  Jackson  has  produced  a  valuable  vpuUmecutn  Sot  the  surveyor.  We  can  lecommaod 
jhls  book  as  containing  an  admirable  supplement  to  the  teaching  of  the  accompIUhed  suiT«yoff."-k 
Athenteutn. 

''The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  ea^teiieace  wUCli, 
aided  by  a  clear  and  ludd  style  of  writing,  renders  the  book  a  very  useftu  one."— Awtfibr. 
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SURVBYINQ  WITH  THE  TACHEOMETER. 

A  practical  Manual  for  the  use  of  Civil  and  Military  Engineers  and- Sarve3r<»rs. 
Incloding  two  series  of  Tables  specially  computed  for  the  Reduction  of 
Readings  in  Sexagesimal  and  in  Centesimal  Dq^rees.  By  Neil  Kennedy, 
M.  Inst.  C.E.  With  Diagrams  and  Plates.  Demy  Svo,  cloth.  ^ei  10/6 
"  The  work  is  very  clearly  written,  and  shoald  remove  all  difficulties  in  the  way  of  any  surveyor 
desirons  of  maldhisf  use  of  this  useful  and  rapid  instrument."— Ais/Kre. 

ENGINEER'S  &  MINING   SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of  Systems,^  and 
use  oi  Theodolite  for  Traverse  Survejring  and  plotting  the  work  with  minute 
aocnracT  by  means  of  Straight  Ekige  and  Set  Square  only ;  Levelling  with  the 
Theodolite,  Setting-out  Curves  with  and  without  the  Theodolite,  earthwork 
Tables,  &c.  By  W.  Davis  Haskoll,  C.£.  With  numerous  Woodcuts. 
Fourth  Edition,  Enlarged.     Crown  Svo,  cloth 1 2/0 

"  The  book  b  very  handy ;  the  separate  tables  of  sines  and  tangents  to  every  minute  win  make 
It  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  ali  the  taxait."—AthetueHtH. 

LAND    AND   MARINE    SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railway ;  Canals, 
Rivers,  Towns'  Water  Supplies;  Docks  and  Harbours.  With  Description 
and  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised,  wiui  Additions.    Large  crown  Svo,  cloth  .  9/0 

"  This  book  must  prove  of  i^reat  value  to  the  student.  We  have  no  hedtation  in  recom* 
mendHng  It,  feeling  assured  that  it  will  more  than  repay  a  careful  sltady."—Mtckanical  IVorld, 

"  A  most  useful  book  for  the  student.  We  can  strongly  recommehd  it  as  a  carefiilly-written 
«nd  valuaUe  tezt-boolc    It  ei^oys  a  well-deserved  repute  among  surveyors."— ^»«/iaErr. 

PRINCIPLES   AND    PRACTICE    OP    LEVELLING. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simms,  M.  Inst.  C.E.  Eighth  Edition,  with  Law's  Practical 
Examples  for  Setting-out  Railway  Curves,  and  Tkautwine's  Field  Practice 
of  Laying-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts. 
Svo 8/6 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges."— £>tf^&M^«r. 
"The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the 
younger  ■Mmbets,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work.  "'-Bngifutrittf . 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING 

A   TRIOONOMBTRICAL   5URVBY. 

For  the  Formation  of  Geographical  and  Topographical  Maps  and  Plans,  Mili- 
tary Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems,  Formulae, 
and  Tables.    By  Lieut. -General  Fromb,  R.E.    Fourth  Edition,  Revised  and 

urtly  Re-vnritten  by  Major-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 

rith  X9  Plates  and  2x5  Woodcuts,  rojral  Svo,  cloth       ....     1 6/0 

"  No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained 
by  this  work.  Sir  Cliarles  Warren  has  revised  the  entire  woric,  and  made  such  additions  as  were 
necenaiy  to  bring  every  portion  of  the  contents  up  to  the  present  daxa,"— Broad  Arrow. 


parti 
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TABLE5  OF  TANGENTIAL  ANGLES  AND  MULTIPLES 

FOR  5BTTINO-OUT   CURVE5. 

From  5  to  soo  Radius.  By  A.  Bbazeley,  M.  Inst.  CE.  6th  Edition, 
Revised.  With  an  Aroenduc  on  the  use  of  the  Tables  for  Measuring  up 
Curves.    Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat-pocket  size. 

3/6 

'*  Each  table  is  printed  on  a  small  card,  which,  placed  on  the  theodolite,  leaves  the  hands  free 
t>  maalpilate  the  instrument— no  small  advantage  as  regards  the  rapidity  of  work."— fMfVMCr. 

"  Very  handy :  a  man  may  know  tliat  all  his  day's  work  must  fall  on  two  of  these  cards,  which 
be  puts  Into  his  own  card-case,  and  leaves  the  rest  behind."— ^iSfcrfbrMm. 

HANDY  GENERAL  EARTH-WORK  TABLES. 

Giving  the  Cootentt  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  anc 
Embankments  from  3  inches  to  80  feet  in  Depth  ca  Height,  for  use  with  either 
66  feet  Chain  or  xoo  feet  Cham.  By  J.  H.  Watson  Buck,-  M.  Inst.  CE. 
On  a  Sheet  moonted  in  doch  case 8/6 
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EARTHWORK  TABLB5. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  ftc,   o# 
Heists  or  Depths  up  to  an  average  of  8o  feet    By  Joseph  Broadbbnt,  C.  K., 

and  Francis  Campin,  C.E.    Crown  8vo,  cloth S'O 

"  The  way  iiv which  accuracy  is  attained,  by  a  simple  division  of  each  crass  section  Into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious."— ^<*<»urw». 

A    MANUAL   ON    EARTHWORK. 

By  Albx.  J.  Graham,  C.E.    With  numerous  Diagrams.     Second  Edition. 
z8mo,  cloth 2/6 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS, 

A  Practical  and  Theoretical  Essay.    By  J.  H.  Watson  Buck,  M.  Inst.  C.£., 

Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  8vo,  cloth   1 2/0 

Manv  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  obserra- 
■     lb 


tions  on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  temj 
will  be  found  of  considerable  use.     We  commend  the  book  to  the  engineering  prof 
BuikUftf  News. 

"  Will  be  regarded  by  dvil  engineers  as  of  the  utmost  value,  and  calculated  to  save  mndi 
,tlme  and  obviate  many  mistakes.  "—CoUitry  Guardian, 

CAST  &  WROUGHT   IRON    BRIDGE   CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
Three  Parts. — Theoretical,  Practical,  and  Descriptive.  By  Wiluam  Humbbk, 
A.  M.  Inst.  C.E.,  and  M.  Inst.  M.E.  Third  Editipn,  revised^  and  much  im- 
proved, with  115  Double  Plates  (20  of  which  now  first  appear  in  this  edition), 
and  numerous  Additions  to  the  Text.     In  3  vols.,  imp.  4to,  half-bound  in 

morocco £6  16s.  60. 

"  A  veiy  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
Instructive  worth  of  those  illustrations."— Crot/  Enffineer  and  ArchiUcfs  youmal. 

"Mr.  Humber's  stately  volumes,  lately  issued — in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cundl, 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  and  specified  in  great  A'^alL"—Enginur. 

ESSAY   ON    OBLIQUE    BRIDGES 

(Practical  and  Theoretical).  With  13  large  Plates.  By  the  late  Gbokgb 
Watson  Buck,  M.I. C.E.  Fourth  Edition,  revised  b^  his  Son,  J.  H.  Watson 
Buck,  M.I. C.E.  ;  and  with  the  addition  of  Description  to  Diagrams  for 
Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.CE. 
Royal  8vo,  cloth 1 2/0 

"The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise, 
and  it  would  be  impossible  to  consult  a  better."— ^ml^'m^ct. 

"Mr.  Buck's  treatise  is  rec(^[iiised  as  a  standard  text-book,  and  his  treatment  has  divesled 
the  subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed."— ^MtfA^iVkaw. 

THE    CONSTRUCTION    OF   OBLIQUE    ARCHES 

(A  Practical  Treatise  on).  By  John  Hart.  Third  Edition,  with  Plates. 
Imperial  8vo,  cloth 8/0 

GRAPHIC   AND    ANALYTIC    STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofe  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arches  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.E.  Containing 
Dia^ams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  from 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.     Second  Edition,  Revised  and  Enlarged.     8vo,  cloth      .     1 6/0 

"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  oaed  or 
studied. " — Engineer. 

"  The  work  is  excellent  from  a  practica  point  of  view,  and  has  evidently  been  pv^Mied 
with  much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of 
well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman.  "•^AduneHtm. 

WEIGHTS  OF  WROUGHT  IRON  &.  STEEL  GIRDER5. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  <^  Wroofllit 

Iron  and  Steel  Girders,   &c,   for  Parliamentary  and  other  Ertimates.    By 

J.  H.  Watsov  Buck,  M.  Inst.  CE.    On  a  Skeet  ....    2/0 
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GEOMETRY   FOR  TECHNICAL  STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  and  the  Mensuration  of 
Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in  Drawing. 
By  E.  H.  Sprague,  A.M.I.C.E.  Crown  8vo,  cloth,  [/ust  Published.  Net  1  /O 

PRACTICAL  QEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  GiviM  Roles  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Carves.  By 
£.  W.  Tarn,  M.A.,  Architect.    8vo,  cloth 9/0 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the  clearness  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory."— sS«p<:rMa>». 

THE  GEOMETRY  OF  COMPASSES. 

Or.  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagrams  and  Symbols.  By  Olivbr  Bvrnb.  Coloured  Plates. 
Crown  8vo,  cloth 3/0 

EXPERIMENTS   ON   THE    FLEXURE    OF    BEAMS 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling.  By  Albert 
E.  Guv.    Medium  8vo,  cloth.  \Juii  Published,    Net  9/0 

HANDY  BOOK  FOR  THE    CALCULATION  op  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practiod  Applica- 
tion, &c  By  William  Humber,  A.  M.  Inst.  C.E.,  &c  Fifth  Edition. 
Crown  8vo,  with  nearly  zoo  Woodcuts  and  3  Plates,  cloth      .        .        .     7/6 

"  The  fonnulse  are  neatly  expressed,  and  the  diagframs  good."—Ath€MauiH. 
"  We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect  leadeis."— 
BngUth  Mtckanic. 

TRUSSES   OF  WOOD  AND    IRON. 

Practical   Applications  of  Science  in  Determining    the^  Stresses.   Breaking 

Weights,  Safe  Loads,  Scantlings,  and  Details  of  Construction.    Witn  Complete 

Working  Drawings.     By  William  Griffiths,  Surveyor.     8vo,  cloth     4-/6 

"This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  con* 
struction  of  roof  trusses  that  no  student  need  be  ignorant  of  these  matters."— /Var/tca/  Engitutr. 

THE    STRAINS   ON    STRUCTURES    OF   IRONWORK. 

With  Practical  Remarks  on  Iron  Construction.  By  F.  W.  Sheilds,  M.I.CE. 
8vo,  cloth 6/Q 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  new  Edition,  revised 
by  hu  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ;  to  which 
are  added,  Experiments  by  Hodgkinson.  Fairbairn,  and  Kirkaldv  ;  and 
FormuUe  for  calculating  Girders,  &c*  Edited  by  Wm.  Humbbr,  A  M.I.CE. 
8vo,  400  pp.,  with  19  Plates  and  numerous  Woodcuts,  cloth .        .        .1 8/0 

"  V^uable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  always  rank 
in  futoie  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject."— ^M(fi<M«r. 

SAFE   RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention ;  with  a  De* 
scription  of  Modern  Appliances  and  Systems.  By  Clement  E.  Strbtton, 
C.E.    With    Illustrations  and  Coloured    Plates.     Third  Edition,   Enlarged. 

Crown  8vo,  cloth 3/6 

"A  book  for  the  engineer,  the  directors,  the  managers;  and,  in  diort,  all  who  wish  for 

iaformation  on  railway  matters  will  find  a  perfect  encyclopaedia  in  '  Safe  Railway  Working.'  ".- 

Railway  Review. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Kbilt,  C.E.,  late  of  the  Indian  Public  Works  Department.    Crown 

8vo,  cloth 8/6 

"  The  aim  the  author  has  set  before  him,  vis.,  to  show  the  effects  of  heat  upon  metalHr  and 
other  itfuctuiea,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  wtikh  the  engineer  or 
aichltoct  can  find  but  little  leliitble  and  comptehenrive  data  la  books."— ^MMir. 
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PUBLICATIONS    OF  THE   ENGINEERING 
STANDARDS    COMMITTEE. 

The  Engineering  Standards  Committee  is  the  outcome  of  a 
Committee  appointed  by  the  Institution  of  Civil  Engineers  at  the  instance 
of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into  the  advisability  ol 
Standardising  Rolled  Iron  and  Steel  Sections. 

The  Committee  is  supported  by  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution  of  Naval  Architects, 
the  Iron  and  Steel  Institute,  and  the  Institution  of  Electrical  Engineers  ; 
and  the  value  and  importance  of  its  labours  has  been  emphatically 
recognised  by  his  Majesty's  Government,  who  have  made  a  liberal  grant 
from  the  Public  Funds  by  way  of  contribution  to  the  financial  resources  of 
the  Committee. 

The  subjects  already  dealt  with,  or  under  consideration  by  the 
Committee,  include  not  only  Rolled  Iron  and  Steel  Sections,  but  Tests 
for  Iron  and  Steel  Material  used  in  the  Construction  of  Ships  and  their 
Machinery,  Bridges  and  General  Build'ng  Construction,  Railway  Rolling 
Stock  Underframes,  Component  Parts  of  Locomotives,  Railway  and 
Tramway  Rails,  Electrical  Plant,  Insulating  Materials,  Screw  Threads  and 
Limit  Gauges,  Pips  Flanges,  Cement,  &c. 

Reports  already  Published  : — 

1.  BRITISH   STANDARD  SECTIONS. 

List  I.  Equal  Angles — Lists.  Unequal  Angles. — Lists.  Bulb  Angles. 
List  4.  BuLR  Tees.— List  5.  Bulb  Plates. — List  7.  Channels. — List  8. 
Beams,    F 'cap.  folio,  sewed.  [Just  Pubiished.    Net  I/O 

2.  BRITISH  STANDARD  TRAMWAY  RAILS  AND  FISH 

PLATE5  :  STANDARD  SECTIONS  AND  SPECIFICATION. 

F'cap.  folio,  sewei.  [Just  Published.    AW  21/0 

3.  REPORT  ON  THE  INFLUENCE  OF  QAUQE  LENGTH 

AND  SECTION   OF  TEST  BAR  ON  THE   PERCENTAGE   OF 
ELONGATION. 

By  Professor  W.  C.  Unwin,  F.R.S.     F'cap.  folio,  sewed. 

[Just  Published,    Net  2/6 

4.  PROPERTIES  OF  STANDARD  BEAMS. 

Demy  8vo,  sewed.  [Just  Published.    Net  1  /Q 
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MARINE  ENGINEERING,  SHIPBUILDING, 

NAVIGATION,  ETC. 


THE     NAVAL    ARCHITECT'S    AND     SHIPBUILDER'S 

POCKBT-BOOK  of  Formuke,  Roles,  and  Tables,  and  Marine  Engineer's  and 
Surveyor's  Handy  Book  of  Reference.  By  CLEMEhrr  Mackrow,  M.I.N. A. 
Eighth  Edition,  Carefully  Revised  and  Enlarged.  Fcap.,  leather.  N^et  1 2/6 
Summary  op  Contents  :— signs  and  symbols,  Decimai.  Fractions.— Trigo- 
nometry.—practical  Geometry.— Mensuration.— CENTRES  and  Moments  op 
Figures.— Moments  op  Inertia  and  Radii  of  Gyration.— algebraical  Expressions 
POR  SIMPSON'S  Rules.— Mechanical  Principles.- Centre  of  Gravity.— Laws  op 
MOTION  —Displacement,  Centre  of  Buoyancy.— Centre  of  Gravity  of  Ship's 
Hull.— Stability  curves  and  Metacentrbs.— Sea  and  Shallow-water  Waves. 
—Rolling  op  Ships.— Propulsion  and  Resistance  op  Vessels.— Speed  trials.— 
Sailing  Centre  of  Effort.— Distances  down  Rivers,  Coast  Lines.— Steering  and 
Rudders  op  Vessels.— Launching  Calculations  and  Velocities.- weight  op 
Material  and  Gear.- Gun  Particulars  and  weight.— Standard  Gauges.— 
Riveted  Joints  and  Riveting.— Strength  and  Tests  op  Materials.— binding 
and  Shearing  Stresses,  &c.— Strength  op  Shafting,  Pillars,  wheels,  Ac- 
Hydraulic  Data,  Sec.  —  Conic  Sections,  Catenarian  curves.  —  Mechanical 
Powers,  work.— Board  op  Trade  Regulations  for  Boilers  and  engines.— Board 
op  Trade  Regulations  for  Ships.— Lloyd's  Rules  for  Boilers.— Lloyd's  weight 
op  Chains.— Lloyd's  Scantlings  for  Ships.— Data  op  Engines  and  Vessels.- 
Ships'  Fittings  and  Tests.— Seasoning  Preserving  Timber.— measurement  op 
Timber.— alloys.  Paints,  Varnishes.— Data  for  stowage.— Admiralty  Trans- 
port Regulations.  —  Rules  for  Horse-power,  screw  propellers,  &c.— Per- 
centages for  Butt  straps,  &&— Particulars  op  Yachts.— Masting  and  rigging 
Vessels.— Distances  op  foreign  ports.— tonnage  tables.— Vocabulary  op 
French  and  English  Terms.  —  English  weights  and  Measures.  —  Foreign 
Weights  and  measures.— decimal  equivalents.— foreign  Money.— Discount 
AND  Wages  Tables.— useful  numbers  and  ready  reckoners.— tables  of 
Circular  measures.— Tables  of  Areas  of  and  Circumferences  op  Circles.— 
Tables  op  areas  op  Segments  of  Circles.— Tables  of  Squares  and  cubes  and 
Roots  op  numbers.— tables  of  logarithms  op  numbers.— Tables  op  Hyper- 
bolic logarithms.— Tables  op  Natural  Sines,  Tangents,  &c.— Tables  op 
Logarithmic  Sines.  Tangents,  &c. 

"  In  these  days  of  advanced  knowledge  a  work  like  this  is  of  the  greatest  value.  It  contains 
a  vast  amount  of  information.  We  tmhesitanngly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor,  seaman, 
wood  or  iron  shipbuilder,  can  attoxd  to  be  without  this  work."— A^auticai  MagoMint. 

"  Should  be  used  by  all  who  are  ei^rag^  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully  collected 
from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form.  The  book  is  one  of 
exceptional  merit."— £MfifM«r. 

"  The  professtonafshipbuilder  has  now.  In  a  convenient  and  accessible  form,  reliable  data  for 
solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work."— /rvw. 

"  There  is  no  doubt  that  a  pocket-book  of  this  description  must  be  a  necessity  in  the  ship- 
building trade.  .  .  The  volume  contains  a  mass  of  usefid  information  clearly  expressed  and 
presented  in  a  handy  toxm."—MariH€  Bngineer, 

WANNAN'5  MARINE  ENQINEER'5  GUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competency.  Containing 
all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions ; 
303  Elementary  Questions  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers ;  complete  Set  of  Drawings  with  Statements  completed.  By 
A.  C.  Wannan,C.£., Consulting  Engineer, and  £.  W.  I.  Wannan,  M.I.M.E., 
Certificated  First  Class  Marine  Engineer.  With  numerous  Engravings.  Third 
Edition,  Enlarged.    500  pages.    Large  crown  8vo,  cloth    .  Nei  1 0/6 

"  The  book  is  dearlv  and  plainly  written  and  avoids  unnecessary  explanations  and  formulas, 
and  we  consider  it  a  valuable  book  for  students  of  marine  engineering."— Waw^tVra/  Magajtine. 

WANNAN'S  MARINE  ENGINEER'5  POCKET-BOOIC. 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 

By  A.  C.  Wannan.     Third  Edition,  Revised,  Enlarged,  and  Brought  up   to 

Date.    Square  z8mo,  with  thumb  Index,  leather.  ijust  Published.    6/0 

"There  is  a  great  deal  of  useful  information  in  this  little  pocket-book.     It  is  of  the  rule- of 

thumb  order,  and  is,  on  that  account,  well  adapted  to  the  uses  of  the  sea-going  engineer."— 

Engituer. 

THE  SHIPBUILDINQ   INDUSTRY  OF  GERMANY. 

Compiled  and  Edited  by  G.  Lehmann-Felskowski.  With  Coloured  Prints, 
Art  Supplements,  and  numerous  Illustrations  throughout  the  text.  Super- 
royal  4tO|  cloth.  [Just  Published.    Net  1 0/6 

L.  B 
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SEA  TERMS,  PHRASES,  AND  WORDS 

(Technical   Dictionary  of)   used   in   the   English   and    French  _ 

(English- French,  French-English).  For  the  Use  of  Seamen,  Engineers,  l^ilocs, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pirrxs,  late  at 
the  African  Steamship  Company.     Fcap.  8vo,  cloth  limp  .  BIO 

Tills  Tolume  will  be  Ma^ily  apprediitod  hf  foameii,  em^aefs,  pilots,  sUpbuiklefs  and  ship- 
It  will  be  fouad  wonaenully  accuntc  aod  compiiBtit.'^—ScotfmaH. 
A  very  useful  dictionaiy,  which  has  long  been  waitted  bjr  French  and  EagUah 
officen  and  otheti."—SM^:^n£' ff^crU. 


ELECTRIC  SHIP-LIQHTINQ. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Shi^'  Electrical  Plant, 
for  the  Use  of  Shipowners  and  Builders,  Marine  Electricians  and  Sea-going 
Engineers  in  Charge.  By  T.  W.  Ukquhart,  Author  of  "Electric  L^fat," 
"Dynamo  Construction,  &c.  Second  Edition,  Revised  and  Extended. 
With  numerous  Illustrations.    Crown  8vo,  cloth T/6 

MARINE  ENGINEER'S  POCKET-BOOK. 

Consisting  of  useful  Tables  and  Formulae.    By  Frank  Proctoe,  A.  I.N. A. 

Third  Edition.    Royal  3amo,  leather 4/0 

"  We  recommend  it  to  our  readers  as  goiag  far  to  supphr  a  long-felt  want."-^Mra«i/  Settnc*. 
"  A  most  useful  companion  to  all  maifate  enxinaers."— £A»*Mitf  Strviet  GtuMttu 

ELEMENTARY  MARINE  ENGINEERING. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  ^  In  the  Form  of 
Questions  and  Answers  on  Metals,  Alloys,  Strengtn  of  Materials,  Constmction 
and  Management  of  Marine  Engines  and  Boilers,  Geometry,  &c  With 
an  Appendix  of  Useful  Tables.    By  J.  S.  Brewer.    Crown  8vo,  cloth    1/6 

"  Contains  much  raluable  informatiaa  for  the  class  for  whom  it  is  i  tended,  especially  in  the 
chapters  on  the  management  of  boilers  and  engines.  "■^A'aM^a/  Magaxint, 

MARINE  ENGINES  AND  STEAM  VESSELS. 

A  Treatise  on.  By  Robert  Murray,  CE.  Eighth  Edition,  thoroughly 
Revised,  with  considerable  Additions  by  the  Author  and  by  Gborgb 
Carlisle,  C.E.,  Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.  Crown 
8vo,  cloth 4>/6 

PRACTICAL  NAVIGATION. 

Consisting  of  The  Sailor's  Sea-Book,  by  James  Greekwood  and  W.  H. 
Rosser  ;  together  with  the  requisite  Mathematical  and  Nautical  Tables  for 
the  Workine  of  the  Problems,  by  Henry  Law,  C.E.,  and  Professor  J.  R. 
Young.    Illustrated,    zamo,  strongly  half-bound 7/0 

THE  ART  AND  SCIENCE  OF  SAILMAKING. 

By  Samuel  B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of 
Messrs.  Ratsey  and  Lapthome,  of  Cowes  and  Gosport.     With  Plates  and 

other  Illustrations.     Small  4to,  cloth 1 2/6 

"  This  extremely  practical  work  giyes  a  complete  education  in  all  the  branches  of  the  nuum. 

f  acture,  cutting  out,  roping,  seaming,  and  goring.    It  is  copiously  illustrated,  and  will  form  a  fiist* 

rate  text-book  and  f[}3iaitf—-Portsmotttk  Times, 

CHAIN  CABLES  AND  CHAINS. 

Comprising  Sizes  and  Curves  of  Links,  Studs,  &c.,  Iron  for  Cables  and  Chains, 
Chain  Cable  and  Chain  Making,  Forming  and  Welding  Linksj  Strength  of 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain 
Cables  and  Chains,  Historical  Notes,  Acts  of  Paruament,  Statutory  Tests, 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c.,  «c.  By 
Thomas  W.  Traill,  F.E.R.N.,  M.Inst.CE.,  Engineer-Survejror-in-Chief, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  Establishments, 
and  General  Superintendent  Lloyd's  Committee  on  Proving  Rstablishmenta. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings.  Fcdio, 
doth,  bevelled  boards £2  2s. 


It  contains  a  vast  amount  of  Taluable  infbimatlon.    Notiiing  seems  to  be  wanting  to  make  ix, 
a  complete  and  standard  work  of  leferance  c»  the  subject."— A'oaciM^w/  MmguMine, 
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MINING,    METALLURGY,    AND 
COLLIERY  WORKING, 


THE    OIL    FIELDS  OF    RUSSIA    AND  THE    RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.I.M.E.,  laie  Chief  Engineer  and  Manager  of 
the  European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp. 
With  numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the 
Balakhany-Saboontchy-Romany  Oil  Field.     Super-royal  8vo,  cloth. 

[/usi  Pttblished.    Net  £3  Ss. 

MACHINERY  FOR  METALLIFEROUS  MINES. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines.  By  E.  Hbmry  Davibs,  M.E.,  F.G.S.  600  pp.  With  Folding  Plates 
and  other  Illustrations.    Medium  8vo,  cloth        ....      Net  26/0 

"  Deals  exhaustiveljr  with  the  many  and  complex  details  which  go  to  make  up  the  sum  total  of 
machinery  and  other  requirements  for  the  successiul  working  of  metalliferous  mines,  and  as  a  book 
of  ready  reference  is  of  the  highest  value  to  mine  managers  and  directois."— AftVit^^  youmal. 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point  of  View. 
By  G.  A.  Denny  (of  Johannesburg),  M.N.E.I.M.E.,  Consulting  Engineer  to 
the  General  Mining  and  Finance  Corporation,  Ltd.,  of  London,  Berlin,  Paris, 
and  Johannesburg.     Fully  Illustrated  with   Diagrams  and  Folding  Plates. 

Royal  8vo,  buckiam Net  2SIO 

Mr.  Denny  by  confining  himself  to  the  consideration  of  the  future  of  the  deep-level  mines 


of  the  Rand  breaJcs  new  ground,  and  by  dealinjgr  with  the  subject  rather  from  a  commercial  stand 
point  than  from  a  scientific  one,  appeals  to  a  wicte  circle  of  readers.    The  boo' 
of  very  great  value  to  investors  in  South  African  mines."— Afr'niM^  youmal. 


PROSPECTING   FOR  GOLD. 

A  Handbook  of  Information  and  Hints  for  Prospectors  based  on  Personal 
Experience.  By  Daniel  J.  Raj^kin,  F.R.S.G.S.,  M.R.A.S.,  formerly 
Manager  of  the  Central  African  Company,  and  Leader  of  African  Gold  Pros* 
pecting  Expeditions.  With  Illustrations  specially  Drawn  and  Engraved  for 
the  Work      F'cap.  8vo,  leather Net  7 IS 

"This  well-compiled  book  contains  a  collection  of  the  richest  gems  of  useful  knowledge  for 
the  prospector's  benefit.  A  special  table  is  given  to  accelerate  the  spotting  at  a  glance  of  minerals 
associated  with  gold."— MiHing"  youmal. 

THE  METALLURGY  OF  GOLD. 

A  Practical  Treatise  on  the  Metallu^cal  Treatment  ot  Gold*bearing  Ores. 
Including  the  Assaying,  Melting,  and  Refining  of  Gold.  By  M.  Eisslbr, 
M.  Inst.  M.M.  Fifth  Edition,  Enlarged.  With  over  300  Illustrations  and 
numerous  Folding  Plates.    Medium  8vo,  cloth        ....    Net  21  /O 

"  This  book  thoroughly  deserves  its  title  of  a  '  Practkral  Treatise.'  The  whole  process  ofgoid 
mining,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  dear  and  ordieriy 
narrative  and  with  much,  but  not  too  much,  fulness  of  d'eXJuL"'— Saturday  Review. 

THE  CYANIDE  PR0CE55  OF  GOLD  EXTRACTION. 

And  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere. 

Bv  M.  Eisslbr,  M.  Inst.  M.M.    With  Diagrams  and  Working  Drawings. 

Thiid  Edition,  Revised  and  Enlarged.  8vo,  c&th  ....  Net  7/6 
"This  book  is  fust  what  was  needed  to  acquaint  mining  men  with  the  actual  working  of  a 
process  which  is  not  onty  the  most  popular,  but  is,  as  a  genwal  rule,  the  most  successful  for  the 
extnurtion  ofgoid  from  tailings."— Afi^Vv*  youmal, 

DIAMOND  DRILLING  FOR  GOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in  Pro> 
specting  and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apparatus  and  Working.  By  G.  A.  Dbnny,  M.N.E.  Inst.  M.E., 
M.  Inst.  M.M.  Medium  8vo,  z68  iq;>.,  with  Illustrative  Diagrams  .  1 2/6 
"  There  is  certainly  scope  for  a  work  on  diamond  drilling,  and  Mr.  Denny  deserves  grateful 
lecognitimi  for  supplying  a  decided  waat,''-~Jl^initi£  youmal, 
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GOLD   ASSAYING. 

A  Practical  Handbook  for  Assayers,  Bankers,  Chemists,  Bullion  Smelters, 
Goldsmiths,  Mining  and  Metallurgical  Engineers,  Prospectors,  Students,  and 
others.  By  H.  Joshua  Phillips,  F.I.C,  F.C.S.,  A.I.C.E.,  Author  of 
"  Engineering  Chemistry,"  etc.     Large  Crown  8vo,  cloth. 

l/ust  ready,  price  about  7/6  «*/• 

FIELD  TESTING  FOR  GOLD  AND  SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Mbrkitt, 
M.N.E.  Inst.  M.E.,  A.R.S.M.,  &c.  With  Photographic  Plates  and  other 
Illustrations.       Fcap.  8vo,  leather Net    5/0 

"  As  an  instructor  of  prospectors'  classes  Mr.  Merritt  has  the  advantage  of  knowing 
exactly  the  information  likely  to  be  most  valuable  to  the  miner  in  the  field.  The  contents  cover 
all  the  details  of  sampling  and  testing  gold  and  silver  ores.  A  usefiil  addition  to  a  prospector's 
^K.*'— Mining  youmai. 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal*  Bearing  or  other 
Valuable  Minerals.  By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.  Ninth 
Edition.     Small  crown  8vo,  8/6  cloth  ;  or,  leather        ....    4/6 

"  Will  supply  a  much-felt  want,  especially  among  Colonists,  In  whoce  way  are  ao  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  detennine."— fntfiyMcr. 

"  How  to  find  commercial  minerals,  and  how  to  identify  them  when  thmr  are  found,  aie  the 
leading  points  to  which  attention  is  directed.  The  author  has  managed  to  peck  as  much  practical 
detail  mto  his  pages  as  would  supply  material  for  a  book  three  times  Its  siae.'*— lfi&»^M^  y4mmal. 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roastinf^,  and  Lixiviation  of  Silver 
Ores.  Including  the  Assaying,  Melting,  and  Refimng  of  Silver  Bullion.  By 
M.  EissLER,  M.  Inst.  M.M.     Third  Edition.    Crown  8vo,  cloth        .     10/6 

'*  A  practical  treatise,  and  a  technical  work  which  we  are  convfaiced  will  supply  a  k>ng-felt 
want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  indirectly 
connected  with  the  industries."— Aft'ntn^-  y<mrftal. 

THE   HYDRO-METALLURGY  OF  COPPER. 

Being  an  Account  of  Processes  Adopted  in  the  Hydro-Metallurgical  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufactiure  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  EissLER,  M.  Inst.  M.M.    8vo,  cloth        ....        Net  12/9 

"  In  this  volume  the  various  processes  for  the  extraction  of  copper  by  wet  methods  are  fully 
detailed.  Costs  are  given  when  available,  and  a  great  deal  of  useful  informatiin  about  the  copper 
industry  of  the  world  is  presented  in  an  interesting  aiid  attractive  manner."— J/tVitn^  youmal. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modem  Smelting  Furnaces  and  Plants  in  Europe  and  America. 
By  M.  EissLER,  M.  Inst.  M.M.,  Author  of  "  The  Metallurgy  of  Gold,"  &c. 
Crown  8vo,  400  pp.,  with  X83  Illustrations,  cloth 12/6 

"  The  numerous  metallurgical  processes,  which  are  fully  and  eztensivety  treated  of^  embrace 
all  the  stages  experienced  in  the  passaere  of  the  lead  from  the  various  natural  states  to  its  isme  from 
the  refinery  as  an  article  of  commerce,  —/'rac^a/  Engitteer. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.  Sixth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  E.  Hbnry  Davibs,  M.E.,  F.G.S.    600  pp.,  with  X73 

Illustrations.    Large  crown  8vo,  cloth Net  1 2/6 

"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better 
book  for  his  companion  and  his  guide."— AftMtMt^  youmal. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.    Third 

Edition,  Revised  and  Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S. 

With  about  zoo  Illustrations.    Crown  8vo,  cloth 1 2/6 

"  We  do  not  remember  to  have  met  with  any  English  work  op  mining  matters  that  contains 
the  same  amount  of  infonnation  packed  in  eqtially  conTenient  form."— ^ouKMiyr. 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Developnient,  and  Fatiut 
Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By  R«bbkt 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Recxnds.  Upwards  of  05*  pfk,  with 
230  Illustrations.   Second  Edition,  Revised.    Super-royal  8vo,  clou   mSt  2t. 
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POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Roles,  Formttlae,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.  By  F.  Danvbrs  Powkr,  F.G.S.,  M.S.  Second  Edition,  Corrected. 
Fcap.  8vo,  leather 9/0 

"  This  exceDMit  book  Is  an  admlnble  example  of  its  kind,  and  ought  to  find  a  large  sale 
■aaoi^Bt  English-speaking  prospectors  and  mining  engineers."— £M^'ff««f^^. 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  by  John  Milnb,  F.R.S.,  Professor  of  Mining 
in  the  Imperial  University  of  Japan.  Third  Edition.  Fcap.  8vo,  leather      7/6 

"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  students.  "<—^/A«m«m;». 

IRON  ORES  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.    Crown  8vo,  cloth   .        .    1 6/0 

MINE  DRAINAGE. 

A  Complete  Practical  Treatise  on  Direct-Acting  Underground  Steam 
Pummng  Machinery.  By  Stephen  Michell.  Second  Edition,  Re«written 
and  Enlarged.    With  250  Illustrations.    Royal  8vo,  cloth       .         JV<r^  25/0 

HORIZONTAL  PUMPING  ENGINES.— ROTARY  AND  NON-ROTARY  HORIZONTAL 
ENGINES.— Simple  AND  COMPOUND  Steam  pumps.— vertical  PUMPING  ENGINES.— 
ROTARY  AND  NON-ROTARY  VERTICAL  ENGINES.— SIMPLE  AND  COMPOUND  STEAM 
PUMPS.  —  TRIPLE-EXPANSION     STEAM     PUMPS.  —  PULSATING    STEAM    PUMPS.  —  PUMP 

VALVES.— Sinking  Pumps,  &c..  &c. 

"This  Tolaine  contains  an  immense  amount  of  important  and  interesting^  new  matter. 
The  boolc  shoald  undoubtedly  prove  of  great  use  to  all  who  wish  for  information  on  the  SHb- 
ject."— TA*  Engineer. 

ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A.M.I.M.E., 
Associate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University;  and  Herbert  Perkin,  M.I.M.E.,  Certified  Colliery  Manager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.    With  about  170  Illustrations.    Medium  8vo,  cloth. 

J\rei  9/0 
(For  SUMMARY  OF  CONTENTS,  See  page  23.) 

THE  COLLIERY  MANAQER'5  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Layine-out  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal 
Mining  Students  preparing  for  First-class  Certificates.  By  Caleb  Pambly, 
Mining  Engineer  ana  Surveyor ;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers ;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.  With  700  Plans,  Diagrams,  and  other  Illustrations. 
Fourth  Edition,  Revised  and  Enlarged.  964  pp.  Medium  8vo,  cloth    £1   58. 

Geology.— Search  for  Coal.— Mineral  Leases  and  other  Holdings:- 
Shaft  Sinking.— Fitting  Up  the  Shaft  and  surface  arrangements.— Steam 
boilers  and  their  Fittings.'-Timbbring  and  Walling.— Narrow  work  and 
Methods  op  working.  —  Underground  conveyance.  —  Drainage.— the  Gases 
MET  WITH  IN  Mines  ;  Ventilation.  —  On  the  Friction  op  Air  in  Mines.  —  the 
Pribstman    Oil    Engine;    Petroleum     and    Natural    Gas.  —  Surveying    and 

Planning.— Safety  Lamps  and  Firedamp  Detectors Sundry  and  incidental 

Operations  and  Appliances.— Colliery  Explosions.— Miscellaneous  Questions 

and    ANSWnRS.—A^^etuUx :    SUMMARY    op     REPORT    OF     H.M.      COMMISSIONERS     ON 

accidents  in  Mines. 

"  Mr.  Pamely's  work  is  eminently  suited  to  the  purpose  or  which  it  is  intended,  bting  clear, 
Inteiesting,  exhaustive,  rich  In  'detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines  in 
•very  deputmeat.  A  mining  engineer  could  scarcely  go  wrong  who  followed  this  wotk."—CcUury 
Guardian, 

"  Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  very  high  order 
sottable  to  the  requirements  of  mming  engineers  and  colliery  managers,  but  has  also  provided 
mioing  students  with  a  class-book  that  Is  as  Interesting  as  it  is  instructive."— Ctf//<c»:y  Mana^itr. 

«"Thls  Is  the  most  complale  'aD-iound  wonE  on  coal-mlning  published  In  the  English 
langaage.  ...  No  Ubcuy  of  coel-nlnlng  books  Is  complete  withoat  It"— C«/AMy  MMgiitur 
(Scmntoo,  Pa.,  U.S.A.fi 
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Comprisuig  the  Duties  of  a  Colliery  M anuer,  the  Oversight  and  Arrange- 
ment of  Labour  and  Wages,  and  the  different  Systems  of  Working  Coal 
Seams.  By  H.  F.  Bulman  and  R.  A.  S.  Rbdmaynb.  350  pp.,  with 
a8  Plates  and  other  Illustrations,  including  Underground  Photographs. 
Medium  8vo,  cloth.  1 6/0 

"  This  U.  indeed,  an  admirable  Handbook  for  CoUerv  Managers,  in  feet  it  is  an  indJsmcnsahle 
adjunct  to  a  Colliery  Manager's  education,  as  well  as  bcSng  a  most  useful  and  interestmsr  wo«k 
on  the  subject  for  all  who  in  any  way  have  to  do  with  coal  mining.  The  underground  f^otograi^is 
are  an  attractive  feature  of  the  work,  being  very  lifelike  and  necessarily  true  representations  of  the 
scenes  they  depict."— C^/Ztfrry  GMireUan, 

"  Mr.  Bulman  and  Mr.  Redmayne,  who  are  both  experienced  Colliery  Maaageis  of  great 
literary  ability,  are  to  be  congratulated  on  having  supplied  an  authoritative  *vork  dealing  with  a  side 
of  the  subject  of  coal  mimng  which  has  hitherto  received  but  scant  treatment.  The  anthois 
elucidate  their  text  by  no  woodcuts  and  afi  plates,  most  of  the  latter  being  admirable  reproductloais 
of  photographs  taken  underground  with  the  aid  of  the  magnesium  flash-light.  These  illustrations 
sure  excdient."— iV!«/wf«. 

COAL  AND  COAL  MINING. 

By  the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.,  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  Eighth  Edition,  Revised 
and  Extended  by  T.  Forster  Brown,  Mining  and  Civil  Engineer,  Qiief 
Inspector  of  die  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.     Crown 

8vo,  cloth.  3/6 

"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the 
principal  methods  of  working,  the  Sook  will  doubtless  interest  a  very  large  number  of  readers."— 
Miniftg  youmai. 

NOTES  AND  FORMUL/C  FOR  MINING  STUDENTS. 

By  ToHN  Herman  Mbrivalb,  M.A.,  Late  Professor  of  Mining  in  the  Durham 

College  of  Science,  Newcastle-upon-Tyne.      Fourth  Edition,  Revised  and 

Enlarged.    By  H.  F.  Bulman,  A.M.Inst.C.E.    Small  crown  8vo,  cloth.    2/6 

"  The  author  has  done  his  work  in  a  creditable  manner,  and  has  produced  a  book  that  will 

be  of  service  to  students  and  those  who  are  practically  engaged  in  mining  operations."— ^M^p^lMcrr. 


INFLAMMABLE  QAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).    By  Frank  Clowes,  D.Sc,  Lond., 
F.I.C.    With  a  Chapter  on  The  Detection  and  Measurement  of  Petro- 
leum Vapour  by  Boverton  Redwood,  F.R.S.E.,  Consulting  Adviser  to  the 
Corporation  of  London  under  the  Petroleum  Acts.    Crown  8vo.  cloth.  Net  5/0 
"  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance    .    .    . 
Those  Interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  easy  of  compre- 
hension and  contains  many  good  things." — 7%^  Engineer. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal^  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams ;  Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.  By  Richard  Meade.  8vo,  cloth  .  .  £1  8t. 
"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever 

met.  ...  A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  fitoa 

his  library."— /»VK  and  Coal  Trades  Review. 

ASBESTOS  AND  ASBESTIC. 

Their  Properties.  Occurrence,  and  Use.     By  Robert  H.  Jones,  F.S.A, 
Mineralogist,     Hon.    Mem.  Asbestos  Club,    Black   Lake,    Canada.     With 
Ten  Collotype  Plates  and  other  Illustrations.   Demy  8vo,  cloth.         .       1 6/0 
"  An  interesting  and  invaluable  yroi)^."— Colliery  Guardian. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris,  F.G.S.  With  Illustrations.  Crown  8vo,  cloth    2/6 

TRAVERSE  TABLES. 

r 

For  use  in  Mine  Surveying.     By  William  Lintbrn,  C.E.  With  two  pdates. 
Small  crown  8vo,  cloth  Ngt   8/0 
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THE  ELEMENTS  OF  ELECTRICAL  ENQINEERINO. 

A  First  Year's  Coarse  for  Students.  By  Tyson  Sbwbll,  A.I.E.E.,  Assistant 
Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London.  Second  Edition,  Revised,  with  Addition?^!  Chapters 
on  Alternating  Current  Working,  and  Appendix  of  Questions  and  Answers. 
45opages,with  274  Illustrations.   Demy  8 vo,  cloth.   [Just  Published.  Net  7IQ 

Ohm's  Law.— Units  Employed  in  Electrical  Engineering. -Series  and 
parallel  circuits  ;  current  density  and  potential  drop  in  the  circuit.— 
The  Heating  Effect  of  the  Electric  Current.— The  Magnetic  Effect  of  an 
ELECTRIC  Current.— The  Magnetisation  of  Iron.— electro-Chemistry  ;  primary 
BATTBRIES.—ACCUMULATORS.— Indicating  Instruments;  Ammeters,  voltmeters, 
Ohmmeters.— Electricity  Supply  meters.— measuring  Instruments,  and  thB 
Measurement  of  Electrical  Resistance.  —  Measurement  of  Potential  Dif- 
ference.  Capacity,  current  Strength,  and  Permeability.— Arc  Lamps.— incan- 
descent LAMPS;  Manufacture  and  installation;  photometry.  —  The  con. 
TiNuous  Current  Dynamo.— Direct  Current  Motors.— Alternating  Currents. 
—Transformers,  alternators.  Synchronous  motors.— Polyphase  Working.— 
Appendix  of  Questions  and  answers. 

"An  excellent  treatise  for  students  of  the  elementary  facts  connected  with  electrical 
eng}.neering."— The  Efectrician. 

"  One  of  the  best  books  for  those  commencinsf  the  study  of  electriciil  engineering.  Every- 
thing  is  explained  in  simple  laneuage  which  even  a  beginner  cannot  fail  to  yxn^^nxaad."— Engineer. 

"  One  welcomes  this  book,  which  is  sound  in  its  treatment,  and  admirably  calculated  to  give 
students  the  knowledge  and  information  they  most  TeqvAve."— Nature. 

CONDUCTORS    FOR   ELECTRICAL    DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole-Line 

Construction,  Underground  Working^  and  other  Uses.    By  F.  A.  C.  Pbrrinb, 

A.M.,  D.Sc. ;  formerly  Professor  of  Electrical  Engineering,  Leland  Stanford, 

Jr.,  University  ;  M.Amer.I.E.E.    8vo,  cloth.    {Just  Published.    Net  20/- 

Conductor  Materials— Alloyed  Conductors— Manufacture  of  Wire— 
WirE'Finishing— Wire  Insulation— Cables— Calculation  of  Circuits— Kelvin's 
Law  of  economy  in  Conductors— multiple  Arc  Distribution— Alternating 
Current  Calculation— overhead  Lines— Pole  Line— Line  Insulators— Under, 
ground  Conductors. 

WIRELE55  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatus.  By  Charles  Henry 
Skwall.    With  85  Diagrams  and  Illustrations.    Demy  Svo,  cloth. 

[Just  Published.    Net  10/6 

ARMATURE   WINDINGS   OP    DIRECT    CURRENT 

DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E.  Arnold, 
Engineer.'  Assistant  Professor  in  Elect rotechnics  and  Machine  Design  at  the 
Riga  Polytechnic  School.  Translated  from  the  Original  German  by  Francis 
B.  Db  Gress,  M.E  ,  Chief  of  Testing  Department,  Crocker- Wheeler  Com- 
pany.  With  146  Illustrations.    Medium  Svo,  cloth        .        .        .    Net  1 2/  ~ 

ELECTRICITY   A5   APPLIED   TO    MINING. 

By  Arnold  Lupton,  M.Inst  C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A  M.I.M.E., 
Associate  of  the  Central  Technical  College,  City  ar.d  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Dtpartment,  Yorkshire  College,  Victoria 
University ;  and  Herbert  Psrkin,  M  I.M  E.  Certificated  Cclliery  Manager, 
Assistant  Lectuier  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.  With  about  170  Illustrations.  Medium  Svo,  cloth.  Net  9/ * 

introductory.  —  dynamic  Electricity.  —  Driving  of  the  Dynamo.  —  The 
Steam  Turbine.- Distribution  of  electrical  Energy.— starting  and  stopping 
Electrical  Generators  and  motors.— Elect  ric  Cables.— Central  Electrical 
plants.— Electricity  applied  to  Pumping  and  hauling.— Electricity  applied 
TO  Coal-Cutting.— Typical  Electric  Plants  Recently  Erected.  —  electric 
Lighting  by  Arc  and  Glow  Lamps— Miscellaneous  Applications  of  Electricity 
—Electricity  as  Compared  with  other  modes  of  transmitting  power,-' 
Dangers  op  electricity. 
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DYNAMO,     MOTOR    AND    SWITCHBOARD    CIRCUITS 

FOR   BLBCTRICAL   BNQINBBRS. 

A  Practical  Handbook  dealing  with  Direct,  Alternating  and  Polyphase 
Currents.  By  William  R.  Bowkrr,  C.E.,  M.E.,  E.E.,  Lecturer  on  Physics 
and  Electrical  Engineering  at  the  Municipal  Technical  School,  Bury.  8vo, 
cloth.  [yusi  ready ^  price  about  6/0  net. 

DYNAMO  ELECTRIC    MACHINERY:    Its   CONSTRUC- 
TION, DB5IQN,  and  OPERATION. 

By  Samuel  Sheldon,  A  M.j  Ph.D  ,  Professor  of  Physics  and  Electrical 
Engineering  at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  Hobart 
Mason,  B  S. 

In  ifoo  volumes,  sold  separately ,  as  follows : — 

Vol.  I.— DIRECT  CURRENT  MACHINES.    Third  Edition,  Revised.     Large 

crown  8vo.    a8o pages,  with  aoo  Illustrations  .        JVIr/    12/0 

Vol.  II.— ALTERNATING  CURRENT  MACHINES.    Large  crown  8vo.     a6o 

pages,  with  184  Illustrations ^et  1 2/0 

Desiflnned  as  Text-books  for  use  in  Technical  Educational  Institutions,  and  by  En^neers 
whose  work  includes  the  handlintf  of  Direct  and  Alternating^  Current  Machines  respectively,  and 
for  Students  proficient  in  mathematics. 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS, 

For  the  Use  of  Electrical  Engineers  and  Artisans,  Teachers,  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
Bv  A.  A.  Atkinson,  Professor  of  Electricity  in  Ohio  University.    Crown  Bvo, 

cloth Net    9/0 

"To  teachers  and  those  who  already  possess  a  fair  knowledge  of  their  subject  we  can  recom- 
mend this  book  as  beinj;  useful  to  consult  when  requiring  data  or  formulae  which  it  is  neither  con- 
venient nor  necessary  to  retain  by  memory."— 7"A^  Electrician. 

SUBMARINE  TELEQRAPH5. 

Their  History,  Construction,  and  Working.  Founded  in  ^art  on  WGnschsn- 
dorff's  "  Trait6  deTd6graphie  Sous-Marine,"  and  Compiled  firom  Authorita- 
tive and  Exclusive  Sources.  ByCHARLBS  Bright,  F.R.S.E.,  A. M.Inst. C.E., 
M.I.E.E.  780  pp.,  fully  Illustrated,  including  Maps  and  Folding  Plates. 
Royal  8vo,  cloth Net  £3  3s, 

"  There  are  few,  if  any,  persons  more  fitted  to  write  a  treatise  on  submarine  telegfraphy  than 
Mr.  Charles  Brig^ht.  He  has  done  his  work  admirably,  and  has  written  in  a  way  which  win 
appeal  as  much  to  the  layman  as  to  the  engineer.  This  admirable  volume  must,  for  many  years  to 
come,  hold  the  position  of  the  English  classic  on  submarine  telegraphy." — Engineer. 

"  This  book  is  full  of  information.  It  makes  a  book  of  reference  which  should  be  in  every 
engineer's  library."— A'a/««. 

"  Mr.  Bright's  interestingly  written  and  admirably  Illustrated  book  will  meet  with  a  wekome 
reception  from  cable  men."—EieciriciaH. 

"  The  author  deals  with  his  subject  from  aU  points  of  view— political  and  strategical  as  well  as 
scientific.  The  work  will  be  of  interest,  not  only  to  men  of  science,  but  to  the  general  public  We 
can  strongly  recommend  \t.''—jit/unautH. 

THE  ELECTRICAL  ENQINEER'5  POCKET-BOOK, 

Consisting  of  Modem  Rules,  Formulae,  Tables,  and  Data.     By  H.  R.  Kbmpb, 

M.I.E.E.,  A.M.InstCE.,  Technical   Officer  Postal  Telegraphs,  Author  of 

"A  Handbook  of   Electrical    Testing,"   &c.      Second    Edition,  thoroughly 

Revised,  with  Additions.    With  numerous  Illustrations.    Rojral  same,  oblong, 

leather 5/0 

"  It  is  the  best  book  of  Its  kia±''SUcirical  Engineer. 

"  The  Electrical  Engineer's  Pocket-Book  Is  a  good  oa»."—EleeiHeiaH. 

"  Strongly  recommended  to  those  engaged  in  the  electrical  industries."— i?/i(elrias/  Review, 

POWER  TRANSMITTED  BY  ELECTRICITY. 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.  Third  Edition,  Fully  Revised,  and  New 
Matter  added.    With  94  Illustrations.    Crown  Bvo,  cloth      .        .    Net    9/0 

DYNAMIC    ELECTRICITY  AND    MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D..  Author  of  "Elemenu  of  Static 
electricity,"  &c    Crown  8vo,  4x7  pp.,  with  xao  Illustrations,  cloth     .     10/0 


ELECTRICITY,  ELECTRICAL  ENGINEERING,  «<.     25 

I...-  I   I.  I       I     I  I  «   —    I       ..  ■«  I     ■■  n  I  I  ■■     ■  I     I     II      II  .  —   ■      . 

THE  MANAQEMENT  OP  DYNAMOS, 

A  Handybook  of  Theory  and  Practice  for  the  Use  of  Mechanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.    By  G.  W.  Lummis-Patbkson. 

Third  Edition,  Revised.    Crown  8vo,  cloth 4/6 

"  An  example  which  desenres  to  be  taken  as  a  modd  by  other  authors.  The  subject  is  treated 
In  a  manner  whicb  any  intellifi^ent  man  who  is  fit  to  be  entrusted  with  charge  of  an  engine  should 
be  able  to  undeistand.    It  is  a  useful  book  to  all  who  make,  tend,  or  employ  electric  machinery." 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopaedia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Engineering.  Containing  upwards  of  3,000  definitions,  By  T.  O'Conor 
Sloans,  A.M.,  Ph.D.    Third  Edition,  with  Appendix.     Crown  8vo,  690  pp., 

390  Illustrations,  cloth ^et  7/6 

"  l^e  work  has  many  attractive  features  in  it,  and  Is,  bevond  doubt,  a  well  put  together  and 

useful  publication.    The  amount  of  ground  corered  may  be  gathered  from  the  fact  that  in  the  index 

about  5,000  references  will  be  fovaadJ'—SUctrical  Rtview. 

ELECTRIC  LIGHT  FITTINQ. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.  By  J.  W.  Urquhart,  Electrician,  Author  of 
"  Electric  Light,"  ac.    With  numerous  Illustrations.   Third  Edition,  Revised, 

with  Additions.    Crown  8vo,  cloth 6/0 

"  This  volume  deals  with  the  mechanics  ot  electric  lighting,  and  is  addressed  to  men  who 
are  already  engaged  in  the  work,  or  are  training  for  it.  The  work  traverses  a  ffreat  deal  of  ground, 
and  may  be  read  as  a  sequel  to  the  author's  useful  woric  on  *  Electric  lA^t.    —BUctricUin. 

*'  The  book  is  well  worth  the  perusal  of  the  workman,  for  whom  it  is  "writtevi."— Electrical 
Review. 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Dbections  for  the  Treatment  of 
Djmamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Urquhart,  C.E.     Sixth  Edition,  Enlarged.     Crown  8vo,  cloth. 

7/6 

"  The  whole  ground  of  electric  lighting  Is  more  or  less  covered  and  explained  In  a  very  clear 
and  concise  maxiner."—£leeiri£al  Review. 

"  A  vade-mecum  of  the  salient  fiacts  connected  with  the  science  of  electric  lighting."— 
Blectrician. 

DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electricians* 

in -Charge.     Embracing  Framework  Buuding,  Field  Macnet  and  Armature 

Winding  and  Grouping,  Compoimding,  &c     By  J.  W.  Urquhart.    Second 

Edition,  Enlarged,  with  114  Illustrations.    Crown  8vo,  cloth         .        .     7/6 

"  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  In  such  a  way  that  the 

engineering  student  can  understand  them.    The  book  is  vwy  readable,  and  the  author  leads  his 

reaiers  up  to  difficult  subjects  by  reasonably  simple  ttt»^"—MngineeHMgr  Reviem. 

ELECTRIC  SHIP-LIGHTING. 

A  Handbook  on  the  Practical  Fitting^  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowners  and  Builders,  Marine  Electricians,  and  Seagoing 
Eneineers-in-Charge.  By  T.  W.  Urquhart,  C.E.  Second  Edition,  Revised 
and  Extended.    With  88  Illustrations,  Crown  8vo,  cloth         .  .7/6 

"  The  subject  of  ship  electric  lightin^f  is  one  of  vast  importance  and  Mr.  Urquhart  Is  to  be 

highly  complimented  for  placing  such  a  valuable  work  at  the  service  of  marine  electricians.  "-<-7%< 

Steamsk^. 

ELECTRIC  LIGHTING  (ELEMENTARY  PRINCIPLES  OP). 

Bjr  Alan  A.  Campbell  Swinton,  M.InstCE.,  M.I.E.E.  Fifth  Edition. 
With  z6  Illustrations.    Crown  8vo,  doth 1/6 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight. 
Third  Edition,  Revised.    Crown  8vo,  wrapper 1/0 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constructing  a  Small  Dvnamo  to  Produce  the  Electric  Light. 
By  Alfrsd  Ckopts.    Sixth  Edition,  Revised.    Crown  Bvo,  cloth       .    2/0 

THE  STUDENT'S  TEXT-BOOK  OP  ELECTRICITY. 

By  H.  M.  NoAD,  F.R.S.    650  pp.,  with  470  Illustrations.    Crown  8vo,  cloth. 

9/0 
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ARCHITECTURE,  BUILDING,  ETC. 


PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Stodents  Preparing  for  ExaminatioDS,  and  a  Book  of 
Reference  for  Persons  Engaged  in  Building.  By  John  Parnbll  Allxn, 
Surveyor,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle<on-Tyne.  Fourth  Edition,  Revised  and  Enlarged. 
Medium  8vo,  570  pp.,  with  1,000  Illustrations,  cloth. 

[Just  Publishtd.    Net  7/6 

''Tteniost  complete  expodtkm  of  buUdinflrconstnictloa  we  hare  seen.  It  contains  all  that  is 
necewnry  to  piepaie  ttudents  for  tbe  vatious  examinations  in  hufldlng  coostructioD." — BuildJMi 
Ntws. 

"  The  author  depends  neaii^  u  much  on  his  dlagnons  as  00  his  type.  The  pams  saggait 
the  hand  of  a  man  of  experience  m  building  operationi— and  the  relume  must  be  a  olessiiv  to 
many  teachers  as  well  as  to  students."— 77k«  Arehittct 

"  The  work  is  sure  to  prove  a  formidable  riral  to  great  and  small  competitors  aHke,  and 
bids  feir  to  take  a  pennanent  place  as  a  favourite  student's  text-book.  The  large  number  oi  illus- 
trations deserve  particular  mention  fur  the  great  merit  they  posMSS  for  purposes  of  reference  in 
exactly  conesponcUng  to  convenient  scales."— 3'<M«rMa/4/'M<  R^milnftOtae  ^/BrMshArtMtettr. 

PRACTICAL  MA50NRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Construction,  Setting 
Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Potden- 
tivesj  Vaults,  Tracery  Windows,  &c. ;  to  which  are  added  Supplements 
relating  to  Masonry  Estimating  and  Qaantity  Surveying,  and  to  Building 
Stones,  and  a  Glossary  of  Terms.  For  the  Use  of  Students,  Masons,  and 
other  Workmen.  By  William  R.  Pukchasb,  Building  Inspector  to  the 
Borough  of  Hove.  Fourth  Edition,  Enlarged.  Royal  8vo,  szo  pp.,  with 
5a  Lithographic  Plates,  comprising  over  400  Diagrams,  doth. 

[Just  Publisfud.  Net  7 IS 
"  Mr.  Purchase's  '  Practical  Masonrr '  wlU  undoubtedly  be  found  useful  to  all  interested  in 
this  important  subject,  whether  theoreticafly  or  practically.  Most  of  the  examples  given  are  firom 
actual  work  carried  out,  the  diagrams  being  carefully  drawn.  The  book  is  a  practical  treatise  on 
the  subject,  the  author  himself  having  commenced  as  an  operative  mason,  and  afterwards  acted  as 
foreman  mason  on  many  large  anoimportant  buildings  prior  to  the  attainment  of  his  present 
position.  It  should  be  round  of  general  utility  to  aidmectural  students  and  others,  as  well  as  to 
those  to  whom  it  is  spedaDy  addressed."— ^f^MirMo/  o/the  R^ytU  InsiituU  ^BriHth  Ankiitett. 

MODERN    PLUMBING,    5TEAM    AND    HOT    WATER 

HBATINQ. 

A  New  Practical  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect, 
and  the  Builder.  By  J.  J.  Lawlkr,  AuUior  of  "  American  Sanitary  Plumbing," 
&c.    With  284  Illustrations  and  Folding  Plates.    4to,  cloth        .    Net    21/- 

HEATING  BY  HOT  WATER, 

VENTILATION  AND  HOT  WATER  SUPPLY. 

By  Walter  Jones,  M.I.M.E.  340  pages,  with  140  Illustrations.  Royal  8vo, 
cloth.  [Just  Published,    Net  SIO 

CONCRETE:  IT5  NATURE  AND  U5E5. 

A  Book  for  Architects,  Builders,  Contractors,  and  Clerks   of  Works.     By 

Gborgb   L.  Sutcliffb,  A.R.I.B.A.     350  pp.,  with   Illustrations.     Crown 

Svo,  cloth 7/6 

"  The  author  treats  a  cfifficult  subject  in  a  lucid  manner.  The  manual  fills  a  lonsr-felt  sap. 
It  is  careftd  and  exhaustiye  ;  equally  useful  as  a  student's  guide  and  an  architect^  book  of 
reference."— 5r(9MrMa/  ^tfu  Royal  InstthtU  0/ British  ArcJUUcts. 

LOCKWOOD'5  BUILDER'5  PRICE  BOOK  for  1904* 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for^  Builders. 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  ana 
Greatly  Enlarged.  By  Francis  T.  W.  Milxxh.  800  closely-printed  pages, 
crown  Svo,  cloth 4/0 

"  This  boolc  is  a  very  usefiil  one.  and  should  find  a  place  in  eresy  English  office  connected 
with  the  buUdinff  and  enffuieerinsf  professions."— /mAwMIu. 

"  An  excolent  book  of  refierence.  "—Architect. 

"  In  its  new  and  lerised  form  this  Price  Boole  is  wliat  a  work  of  this  kind  shoeldbe  compee- 
hansive,  reliable.  weQ  arranged,  legible,  and  well  bound.'*— ^Ari«rA  Arthitiei, 

DECORATIVE   PART  OP  CIVIL   ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  or  Grboan  Architbcturb,  by  Josbph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Lbd>6.    66  Plates,  4to,  doth       .       .    21/0 
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THE  MECHANICS  OP  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects. 
By  E.  W.  Tarn,  M.A..  Author  of  ^  The  Science  of  Building,"  &c    Second 
Edition,  Enlarged.    Illustrated  with  135  Diagrams.    Crown  8vo,  cloth      7/6 
"  The  book  is  a  very  usefiil  and  helpful  manual  of  architectural  mechanics."— ^»^<j^r. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Beinp;  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickbs,  Architect,  Author  of 
"  The  Spires  and  Towers  of  England,"  &c.    6x  Plates,  4to,  half-morocco,  gilt 

edges £1  lis.  6d. 

"  The  whole  of  the  designs  bear  evidence  of  their  beingf  the  woric  of  an  artistic  architect,  and 
thej  will  prove  very  valuable  and  suggestive."— SttHeUnig'  News. 

THE  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works,  &c,  &c.     By  F.  Rogers.    Crown  8vo,  cloth. 

3/6 

ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Large 

House  in  Linear  Pers^ctive.     Illustrated  by  43  Folding  Plates.     By  F.  O. 

Fbrgdson.    Third  Edition.    8vo,  boards 3/6 

"  It  is  the  most  intelligible  of  the  treatises  on  this  ill-treated  subject  that  I  have  met  with."— 
E.  INGRESS  BBLL,  Esq.,  m  the  R.LB.A.  youmal. 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Operative  Builder  and  Young  Student  in  Architecture.  By  Gborgb 
Pynb.    14  Plates,  4to,  boards 7/6 

MEASURING  AND    VALUING  ARTIFICERS'  WORK 

glie  Student's  Guide  to  the  Practice  oO*,  Contuning  Directions  for  taking 
imensions.  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Additions 
by  E.  W.  Tarn,  M.A.  Seventh  Edition,  Revised.  With  8  Plates  and 
63  Woodcuts.    Crown  8vo,  cloth 7/6 

"  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and 
valuuif  artificers'  work  that  has  yet  been  published."— ^Mi&EiM^Airwj. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Db-ections  for  Measuring 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building 
collectively.    By  A.  C.  Bbaton.      Ninth  Edition.      Waistcoat-pocket  size, 

gilt  edges 1/6 

"  No  boUder,  architect,  su  rveyor,  or  valuer  should  be  without  his '  Beaton. '  "—Building  News. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay 
on  the  Structure  and  Science  of  Modem  Buildings.  Upon  the  Basis  of  the 
Work  by  Alfred  Bartholombw,  thoroughly  Revised,  Corrected,  and  greatly 
added  to  by  Frederick  Rogers,  Architect.  Third  Edition,  Revised.  8vo, 
cloth 15/0 

"  The  work  is  too  well  known  to  need  any  recommendation  from  us.     It  is  one  of  the  books 
mth  which  ereiy  ymmg  architect  must  be  equipped."— ^«^A•;<<ecr. 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair?  A  Price  Book  for  Un- 
professional People  as  well  as  the  Architectural  Surveyor  and  Builder.  By 
J.  D.  Simon.      Edited  by  F.  T.  W.  Miller,  A.R.I.B.A.      Fifth  Edition. 

Carefolly  Revised.    Crown  8vo,  cloth Net  8/6 

"  In  two  years  it  will  repay  its  cost  a  hmidred  times  ovet."— Field. 
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SANITATION  AND  WATER  SUPPLY. 


T>m* 


THE  HEALTH  OFFICER'5  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  WiLLOUGHBV,  M.D.  (Lond.)i  &c.  Second  Edition,  Revised  and  Enlarged. 
Fcap.  8vo,  leather Net    1 0/6 

"  It  is  a  mine  of  condensed  information  of  a  pertinent  and  useful  kind  on  the  Tarious  subjects 
of  which  it  treats.  The  different  subjects  are  succinctly  but  fully  and  scientifically  dealt  with." — 
The  Lancet. 

"  We  recommend  all  those  eagagtd  in  practical  sanitary  work  to  furnish  themselves  with  a 
copy  for  reference."— Sant/ary  yournal. 

THE  BACTERIAL  PURIFICATION  OF  SEWAGE: 

Being  a  Practical  Account  of  the  Various  Modern  Biological  Methods  of 
Purifying  Sewage.  By  Sidney  Barwisb,  M.D.  (Lond.),  D.P.H.  (Camb.)i 
etc.    With  zo  Page  Plates  and  a  Folding  Diagrams.    Royal  8vo,  cloth. 

Net  e/O 

THE  PURIFICATION  OF  5EWAQE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Purification,  and 
their  Practical  Application.  By  Sidney  Barwisb,  M.D.  (Lond.),  M.R.C.S., 
D.P.H.  (Camb.),  Fellow  of  the  Sanitary  Institute,  Medical  Officer  of  Health 
to  the  Derbyshire  County  Cotmcil.     Crown  Bvo,  cloth    ....    ff /Q 

WATER  AND  IT5  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 
interested  in  Water  Supply.  By  S.  Rideal,  D.Sc.  Lond.,^  F.LC.  Second 
Edition,  Revised,  with  Additions,  including  numerous  Illustrations  and  Tables. 
Large  Crown  8vo,  cloth Net    9/0 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water* 
works  for  Small  Country  Districts.  By  Allan  Grbbnwell,  A.M.I.C.E., 
andW.  T.  Curry,  A.M.I.C.E.     Revised  Edition.    Crown  8vo,  cloth    6/0 

THE  WATER  SUPPLY  OF  CITIE5  AND  T0WN5. 

By  William  Humbbr,  A.M.  Inst.  C.E.,  and  M.Inst.  M.E.  Imp.  4to,  half* 
bound  morocco.    (See  page  ix.) Net  iiQ  6S. 

THE  WATER   SUPPLY   OF   T0WN5   AND  THE  CON- 
STRUCTION OF  WATER- WORICS. 

By  Professor  W.  K.  Burton,  A.M.  Inst.  C.E.  Second  Edition,  Revised 
and  Extended.     Royal  8vo,  cloth.    (See  page  xo.)   ....    £1  68. 


WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Me 

tion  of  Water  for  the  Supply  of  Towns.     By  C.  Slagg,  A.Iit.  Inst.  CE.    7/6 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charlbs  Slagg,  A.  M.  Inst.  CE.    Crown  8vo,  cloth     .        .        .     8/0 


A  Practical  Treatise  on  the  Measurement,  Sjorage,  Conveyance,  and_Utilisa* 

"  M.  Id 


PLUMBING. 

A  Text-book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.     By  W.  P. 
BucHAN.    Ninth  Edition,  Enlarged,  with  500  Illustrations.    Crown  8vo,  8/6 

VENTILATION. 

A  Text-book  to  the  Practice  of  the  Art  of  Ventilating  Boildtngs.     By  W.  P. 
BucHAN,  R.P.    Crown  Svo,  cloth T^.        .    8/6 
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CARPENTRY,  TIMBER,  ETC. 


—s^f 


THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  &c,  with  Descriptions  of  the  kinds  of  Wood  used 
in  Buildmg ;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Trbdgold,  C.E. 
With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  lUus* 
trated.  Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 
E.  WvMDHAM  Tarn,  M.A.,  Author  of  "The  Science  of  Building,"  &c. 
With  6x-  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.     In  One  large 

Vol.,  4to,  cloth £1    58. 

"  Ougrht  to  be  in  every  architect's  and  vftry  builder's  \i\>n.ry."— Builder. 

"A  woric  whose  monumental  excellence  must  commend  it  wherever  skilfiil  carpentry  is 

concerned.    The  author's  principles  are  rather  confirmed  than  impaired  by  time.    The  additional 

plates  are  of  great  intrinsic  value."— ^Mt/i^t>i!c  News. 

WOODWORKING  MACHINERY. 

Its  Rise,  Progress,  and  Construction.  With  Hints  on  the  Manag^ement  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Bale,  A.M.Inst.C.E.,  M.I.M.E.  Second  Edition,  Revised, 
with  Uurge  Additions,  lai|;e  crown  8vo,  440  pp.,  cloth       ....    9/0 

"  Mr.  Bale  i»  evidenthr  an  expert  en  the  subject,  and  he  has  collected  so  much  informatioo 
that  his  book  is  all-sufl5cient  for  builders  and  others  engafed  in  the  conversion  of  timber.  "—ArchiUct 

"  The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The 
author  is  a  thorough  master  of  bis  »x\i\9icX."—Building^  News. 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Timber.     By  M.  Powis  Bale,  A. M.Inst. C.E.    Second  Edition,   Revised. 

Crown  8vo,  cloth 1 0/6 

"  The  odministrtMon  of  a  large  sawing  establishment  is  discussed,  and  the  subject  examined 
from  a  financial  standpoint.  Hence  the  siae,  shape,  order,  and  disfrasition  of  saw  mills  and  the  like 
are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery  in  its 
converted  state.    We  could  not  desire  a  more  complete  or  practical  treatise."— ^iM'itfer. 

THE  CARPENTER'S  GUIDE. 

Or,  Book  of  Lines  for  Carpenters ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Pbtbk 
Nicholson's  standard  work.  A  New  Edition,  Revised  by  Arthur  Ashpitbl, 
F.S.A.  Together  with  Practical  Rules  on  Drawing,  by  Georgb  Pynb. 
With  74  Plates,  4to,  cloth £1  1  •, 

A  PRACTICAL  TREATISE  ON  HANDRAILINQ. 

Showing  New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing 
the  Moulds,  Bevelling,  Jointing-up,  and  Squaring  the  Wreath.  By  Gborgb 
CoLUNGS.  Revised  and  Enlarged,  to  which  is  added  A  Treatise  on 
Stair-building.    Third  Edition.    With  Plates  and  Diagrams,    zamo,  cloth. 

2/6 

"  Will  be  found  of  practical  utility  in  the  execution  of  this  difficult  branch  of  joinery."— ^M^iU^. 
"  Almost  every  difficult  phase  of  this  somewhat  intricate  branch  of  joinery  is  elucidated  by 
the  sud  of  plates  and  explanatory  letterpress."— /^MrwAwrc  Gajtettt. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.     By 
Geobgb  Colungs.    With  Diagrams.    Fourth  Edition,  zamo,  doth      .    2/o 
"  An  excellent  example  of  what  a  book  of  this  kind  should  be.    Cheap  In  price,  clear  in 
definition,  and  practical  in  the  examples  selected."— ^m^^i^. 

THE    CABINET-MAKER'5   GUIDE    TO    THE  ENTIRE 

CONSTRUCTION  OP  CABINET  WORK. 

By  Richard  Bttmead.  Illustrated  with  Plans,  Sections  and  Wcnrking 
Drawings.    Crown  8vo,  cloth 2/Cl 
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On  the  Scioare-Cnt  Sirstem.  By  J.  S.  Goldthorp,  Teacher  of  Geometry 
and  Buildiog  Construction  at  the  Halifax  Mechanics'  Institute.  With  Eigm 
Plates  and  over  150  Practical  Exercises.  4to,  doth  ....  3/6 
"  Llkaljr  to  be  of  consldenble  value  to  ioliias  and  oChen  who  take  ■  pride  In  good 


The  anrnnsement  of  the  book  Is  ezceHent.    we  heardly  commend  it  to  teachen  and  stndeats."— 
Timbtr  TrcuUs  youmai, 

TIMBER  MBRCHANrS  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure- 
ment of  Deals  and  Battens,  of  all  sizes,  and  other  Useful  Tables  for  the  use  of 
Timber  Merchants  and  Builders.    By  William  Dowsing.    Fourth  Ekiition, 

Revised  and  Corrected.    Crown  8vo,  doth 3/0 

"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  oonectneas  and 
simplicity  of  arrangement  leave  nothing  to  be  desired. "—  Timber  TrutUs  yotumtU, 

THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the  Timber  Trade, 
Maxics  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of 
Timber,  &c.    By  W.  Richardson.    Second  Edition.    Fcap.  8vo,  cloth    .    3/6 

"This  handy  manual  contains  much  valuable  infSormation  for  the  use  of  timber  merchants, 
builders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  mannfamire  of  timber."— 
Joymal  pfFvrtstry. 

PACKING -CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing*Cases,  fitxHn  six 

inches  square  and  upwards.    By  W.  Richardson,  Timber  Broker.    Third 

Edition.    Oblong  4to,  cloth 3/6 

"  Invaluable  labour-saving  tables."— /rwfwtwvvr. 
**  Will  save  much  labour  and  calculation."— Cr<iic«r. 

QUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  z  to  soo  inches  in  length  b^  z  to  zo8  inches  in  breadth. 
For  the  use  of  Architects,  Surveyors,  Engmeers,  Timber  Merchants, 
Builders,  &c.    By  Jambs  Hawkings.    Fifth  Edition.    Fcap.,  cloth.    8/6 

"  These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  of 
superficial  measurement."— ^^^/I'M  Mechanic. 

PRACTICAL   FORESTRY. 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charlbs  E.  Curtis, 
F.S.I.,  Professor  of  Forestry,  Field  Engineering,  and  General  Estate 
Management,  at  the  College  of  Agriculture,  Downton.  Second  Edition, 
Revised.    Crown  8vo,  doth 3/6 

Prefatory  Remarks.  —  Objects  op  Planting.  —  Choice  op  a  Forester.  — 
Choice  of  soil  and  Site.— Laying  Out  of  Land  for  Plantations.— Preparation 
OF  the  Ground  for  planting.— Drainage.— planting.— Distances  and  Distri- 
bution of  Trees  in  plantations.— Trees  and  Ground  Game.— Attention  after 
Planting.— Thinning  of  plantations.  —  Pruning  of  Forest  Trees.— Realization. 
—Methods  of  Sale.— measurement  of  Timber.— Measurement  and  Valuation 
op  Larch  Plantation.— Fire  Lines.— Cost  op  planting. 

"  Mr.  Curtis  has  in  the  course  of  a  series  of  short  pithy  chapteis  afforded  much  bifoima* 
tion  of  a  useful  and  practical  character  on  the  planting  and  subsequent  treatment  of  trees."— 
Illustrated  Carf  enter  and  Builder. 

THE  ELEMENTS  OF  FORESTRY, 

Desqi^nedto  afford  Information  concerning  the  Planting  and  Care  of  Forest 
Trees  for  Ornament  or  Profit,  with  suggestions  upon  the  Creation  and  Care  of 
Woodlands.    By  F.  B.  Hough.    Large  crown  8vo,  cloth     ...    1 0/0 

TIMBER   IMPORTER'S,  TIMBER   MERCHANT'S,  AND 

BUILDBR'S  STANDARD  OUIDB. 

By  Richard  E.  Grandt.  Comprising :— An  An^vsis  of  Deal  Standards, 
Home  and  Foreign,  with  Comparative  values  and  Tabular  Arrangements  for 
fixing  Net  Landed  Cost  on  Baltic  and  North  American  Deals,  including  all 
inteimediate  Expenses,  Freight,  Insurance,  &c. ;  together  with  copious  Infonna* 
tion  for  the  Retailer  and  Btulder.  Third  Bditioo,  Revised.  i2mo,  doth  2/0 
"  Everythine  it  pretends  to  be :  built  up  ^adually,  it  leads  one  from  a  forest  to  a  treenail,  and 

throws  in,  as  a  makeweight,  a  host  of  material  concemmg  bricks,  coliums,  dstems,  &c."—BM£lisM 

Mechanic. 
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DECORATIVE  ARTS,  ETC. 


SCHOOL    OP    PAINTING    FOR    THB    IMITATION    OP 

WOODS  AND  MARBLES. 

As  Taught  and  Practised  by  A.  R.  Van  dbr  Burg  and  P.  Van  dbr  Burg, 
Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio,  18^  by  12^  in., 
Illustrated  with  24  full*size  Coloured  Plates  ;  also  X2  plain  Plates,  comprising 
Z54  Figures.    Fourth  Edition  cloth  .  i/usi  Published.    Net  £1  5s. 

List  op  Platbs. 
I.  Various  tools  rbquirbd  for  wood  painting.— a,  3.  walnut;  Prbliminary 
Stages  of  Graining  and  finishbd  spbcimbn.  —  4.  tools  used  for  marble 
Painting  and  mbthod  of  Manipulation.— 5.  6.  St.  Rbmi  Marble;  Earlier 
Operations  and  Finished  Spbcimbn.  —  7.  methods  of  Sketching  Different 
Grains,  Knots,  &c.— 8,  9.  ash:  Preliminary  Stages  and  Finished  speci- 
men. —  la  methods  of  Sketching  Marble  Grains;  — 11,  is.  Breche  Marble  ; 
Preliminary  Stages  of  working  and  Finished  specimen.— 19.  Maple  ;  Methods 
of  producing  the  Different  Grains.— 14, 15.  Bird's-Eyb  Maple;  preliminary 
Stages  and  Finished  Specimen.— 16,  mbthods  of  Sketching  the  Different 
Species  of  white  marble.— 17,  zs.  WnriB  Marble  ;  preliminary  Stages  of 
Process  and  Finished  specimen.- 19.  mahogany;  Specimens  of  Various  Grains 

AND     methods     of     MANIPULATION.  — ao,     3X.     BfAHOGANY  ;       EARLIER     STAGES     AND 

Finished  specimen.— aa,  33,  34.  Sienna  Marblb:  Varieties  of  Grain,  Preliminary 

STAGES  AND  FINISHED  SPECIMEN.— 35,  a6,  37.  JUNIPER  WOOD;  METHODS  OF  PRO- 
DUCING GRAIN,  &C. ;  PRBLIMINARY  STAGES  AND  FiNISHBD  SPECIMEN.— sB,  30,  30.     VERT 

DB  Mer  Marblb  ;  Varieties  of  Grain  and  Methods  of  working.  Unfinished 
AND  Finished  specimens.— 31,  33.  39.  oak  ;  Varieties  of  Grain,  Tools  Employed 
AND  Methods  of  manipulation,  preliminary  stages  and  Finished  Specimen.— 

34f  3St   SS.     WAULSORT    MARBLE;    VARIBTIBS  OF    GRAIN,  UNFINISHBD    AND    FINISHED 

Specimens. 

"Those  who  desire  to  attain  sldll  In  tlie  azt  of  painting  woods  and  marbles  wiU  find  advantage 
In  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Qubs  should  give  their  young  men 
the  opportunity  to  study  \eu"— Builder. 

**  A  comprehensive  guide  to  the  art.  The  ezplanatioBS  of  the  processes,  the  manipulation 
and  management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to 
the  student  who  aims  at  making  his  work  a  faithful  transcript  of  nature."— ^M^Atov*  A'nvr. 

"Students  and  novices  are  fortunate  who  are  able  to  become  the  poaaesaocs  of  ao  noble  a 
work."— rA<  ArehOect. 

ELEMENTARY  DECORATION. 

A  Guide  to  the  Simpler  Forms  of  Everyday  Art.  Together  with  PRACTICAL 
HOUSE  DECORATION.  Bv  Iambs  W.  Facby.  With  numerous  Illus- 
trations.   In  One  Vol.,  strongly  nsuf-bound 5/0 

HOUSE     PAINTING,     QRAININQ,     MARBLINQ,    AND 

SIQN    WRITING. 

A  Practical   Manual  of.    By  Ellis  A.  Davidson.    Eighth  Edition.    \^th 
Coloured  Plates  and  Wood  Engravings.    Crown  8vo,  doth     .        .        .    6/0 
"  A  mass  of  infonnation  of  use  to  the  amateur  and  of  value  to  the  practical  man."— £M^/»rA 
MttManic 

THE  DECORATOR'S  ASSISTANT. 

A^  Modem  Guide  for^  Decorative  Artists  and  Amateurs,  Painters,  Writers, 

Gilders,  &c.    Containing  upwrards  of  600  Receipts,  Rules,  and  Instructions ; 

with  a  variety  of  Information  for  General  Work  connected  with  every  Class  of 

Interior  and  Exterior  Decorations,  &c.     Eighth  Edition.    Cr.  8vo  .    1  /O 

"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.  The  book  contains  the  gist  of 
laiger  treatises  on  colour  and  technical  processes.  It  would  be  f»<*i^<ilt  to  meet  with  a  work  so  full 
of  varied  information  on  the  painter's  axt."—BuiltUn£  Newt. 

MARBLE  DECORATION 

And  the  Terminology  of  British  and  Foreign  Marbles.  A  Handbook  for 
Students.  By  Gborgx  H.  Blagrovx,  Author  of  "  Shoring  and  its  Applica- 
tion," &c.    With  a8  Illustrations.    Crown  8vo,  cloth        ....    3/6 

"Thte  moat  useful  and  much  wanted  handbook  should  be  In  the  hands  of  efafy  aichitect  and 
builder."-^WM<»y  H^erid. 

"A  caxtiahy  and  usefiiDy  written  treatise;  the  work  b  enentiaUy  practical."— nSm^imom. 
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DELAMOTTE'8  WORKS  ON    ILLUMINATION  AND 

ALPHABETS. 


ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDIiCVAL. 

From  the  Eighth  Century,  with  Numerals;  inclndm^  Gothic,  Chmch-Tezt, 
large  and  small,  German,  Italian.  Arabesque,  Imtials  for  lUomination, 
Monograms,  Crosses.  &c.,  sc,  for  toe  use  of  Architectural  and  Engineering 
Drau^tsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c.  Collected  and  Engraved  by  F.  Dblamottk,  and 
printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong, 
ornamental  boards 2/6 

**  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends 
over  shop-doors,  who  letter  church  walb  with  pithy  sentences  from  the  Decalogue,  this  book  will  be 
}aaitivl."—AtHenaufK, 

MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Enp;rossing|  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small^  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamottb,  and  printed  in  Colours. 
New  and  Cheaper  Edition.    Royal  8vo,  oblong,  ornamental  boards  2/6 

"  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and 
numerals  can  be  formed,  and  the  talent  wldch  has  been  expended  in  the  conception  ot  the  Tarious 
plain  and  ornamental  letters  is  wonderful."— StoM^forrf. 

MEDI/EVAL    ALPHABETS    AND     INITIALS. 

By  F.  G.  Delamottb.    Containing  ax  Plates  and  Illuminated  Title,  printed 

in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.     Fifth 

Edition.     Small  4to,  ornamental  boards Net  S/O 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gOding  and  all  the 
colours  of  the  prism  interwoven  and  intertwined  and  intermingled.  "-^«h. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION. 

For  the  Use  of  Beginners ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 

Srinted  in   Gold   and   Colours.     By  F.  Delamottb.    New  and   Cheaper 
Edition.    Small  4to,  ornamental  boards 6/0 

"  The  examples  of  ancient  MSS.  re^mmended  to  the  student,  wldch,  with  much  good  sense, 
the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge  as 
well  as  tasX»."—Ath€nau*n. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN. 

Containing  Initials^  Emblems,  Cyphers,  Monograms,  Ornamental  Borders. 
Ecclesiastical  Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.    Collected  by  F.  Delamottb,  and  printed  in  Colours.    Oblong 

royal  8vo,  ornamental  wrapper Nei  2/0 

"  The  book  wiU  be  of  g^^at  assistance  to  ladies  and  young  children  who  axe  endowed  with 
the  art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  -woAJ'—Eeut  AttgUan  Times, 


WOOD-CARVINQ   FOR   AMATEURS. 

With  Hints  on  Design.    By  A  Lady.    With  xo  Plates.    New  and  Cheaper 

Edition.    Crown  8vo,  in  emblematic  wrapper 2/0 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  *  A 
Lady's '  publication."— ^£A<mrMM. 

PAINTING  POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water-Colour,  Water-Glass,  Tempera,  Encaustic, 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glan,  &c.  Fifth 
Edition.    Crown  8vo,  cloth S/O 


%«  Adoptsd  as  a  Priu  Booh  <U  South  K§nsimgUm, 

'  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught, 
perusal  of  this  unpretending  but  comprehensive  treatise."— ^r/yowmo/. 
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NATURAL  SCIENCE,  ETC. 


THE  VISIBLE  UNIVERSE. 

'  Chapters  on  the  Origin  and  Constrnction  of  the  Heavens.  By  J.  B.  Gorb, 
!  F.R. A.S.,  Author  of"  Star  Groups,"  &c.  Illustrated  by 6  Stellar  Photographs 
t  and  za  Places.    Demy  8vo,  cloth 1 6/0 

3TAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellako  Gorb,  F.R.A.S., 
I  M.R.I.A.,  &c.,  Author  of  "The  Visible  Universe/'  "The  Scenery  of  the 
I  Heavens,    &c.    With  30  Maps.    Small  410,  cloth fi/O 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Ellard  Gorb, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c.    Small  crown  8vo,  cloth. 

2/6 
THE  MICROSCOPE. 

I  Its  Construction  and  Management.     Including  Technique.  Photo-micrography, 

I  and  the  Past  and  Futture  of  the  Microscope.    By  Dr.  Hbmri  van  Hburck. 

Re-Edited  and  Augmented  from  the  Fourth  French  Edition,  and  Translated 

i  by  Wynnb  E.  Baxtbr,  F.G.S.    Imp.  8 vo,  cloth      ....    18/0 

A  MANUAL  OP  THE  MOLLUSCA. 

A  Treatise  on  Recent  and  Fossil  Shells.  By  S.  P.  Woodward,  A.L.S., 
F.G.S.  With  an  Appendix  on  Rbcbnt  and  Fossil  Conchological 
DiscovBRiBS,  by  Ralj>h  Tatb,  A.L.S.,  F.G.S.  With  33  Plates  and 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Edition  (x88o).  Crown  8vo, 
doth 7/6 

THE  TWIN  RECORDS  OP  CREATION. 

Or,  Geol<»y  and  Genesis,  their  Perfect  Harmony  and  Wooderfnl  Coocord. 
By  G.  W.  V.  LB  Vaux.    8vo,  cloth 6/0 

LARDNER'S  HANDBOOKS  OF  SCIENCE. 
HANDBOOK  OP  MECHANICS. 

Enlarged  and  re-written  by  B.  Lobwt,  F.R.A.S.    Post  8vo,  cloth    .    6/0 

HANDBOOK  OP  HYDROSTATICS  AND  PNEUMATICS. 

Revised  and  Enlarged  by  B.  Lobwv,  F.R.A.S.    Post  8vo,  cloth         .    6/0 

HANDBOOK  OP  HEAT. 

Edited  and  re-written  by  B.  Lobwy,  F.R.A.S.    Post  8vo,  cloth         .    6/0 

HANDBOOK  OP  OPTICS. 

New  Edition.    Edited  by  T.  Olver  Harding,  B.A.    Small  8vo,  cloth    6/0 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Gbo.  C.  Fostbr,  B.A.    Small  8vo,  cloth  ....    6/0 

HANDBOOK  OP  ASTRONOMY. 

Revised  and  Edited  by  Edwin  DuNKiN,  F.R.A.S.    8vo,  doth  .        .    9/6 

MUSEUM  OP  SCIENCE  AND  ART. 

With  upwards  of  x,aoo  Engravings.   In  Six  Double  Voltunes,  £1  1  a.   Cloth, 
or  half-morocco    • £1   lis.  6d. 

NATURAL  PHILOSOPHY  POR  SCHOOLS    .        .    3/6 
ANIMAL  PHYSIOLOGY  POR  SCHOOLS  .    3/6 

THE  ELECTRIC  TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  8vc,  cloth      *  •     2/6 
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THE  OIL  FIELDS  OP   RUSSIA    AND   THE    RUSSIAN 

PBTROLBUM    INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of  the 
European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp.,  with 
numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the  Balakhany- 
Saboontchy-Romanv  Oil  Field.    Super*royal  8vo,  cloth. 

C/«j/  Published.    Net  £3  3s. 

THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

By  A.  C.  Wright,  M.A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 
Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  S':hool.    Demy  8vo,.cloth liet  g/Q 

THE  QAS  ENGINEER'S  POCKET-BOOKs 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  Mannfttctorc, 
Distribution  and  Use  of  Coal  Gas  and  the  Constructton  of  Gas  Works.  By 
H.  O'Connor,  A.M.Inst.C.B.    Second  Edition,  Revised.    470  pp.,  crown  8vo, 

fully  Illustrated,  leather 10/6 

*'  The  book  contains  a  Tast  amount  of  infonnadon.     The  author  epes  consecutlveljr  throug^h 

the  ensfineering  details  and  practical  methods  involved  in  each  of  the  different  procesMS  or  parts 

of  a  gas-works.     He  has  certainly  succeeded  in  making  a  compilation  of  hard  matters  or  fitct 

absolutely  interestine  to  read."— ^ksx  World. 

"The  volume  contains  a  great  quantity  of  specialised  information,  compiloci^  we  beUere,  from 

trustworthy  sources,  which  should  make  it  of  considerable  value  to  those  for  whom  it  Is  specifically 

produced.  —^M^'M«#r. 

LIQHTINQ  BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  EL  Gibbs,  M.B. 
With  66  Illustrations.    Crown  8vo,  cloth 7/6 

ENQINEERINQ  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Ircni 
Masters.  Iron  Foundersi,  Students  and  others.  Comprising  Methods  of  Analjrus 
and  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  with 
numerous  Analyses,  Examj^les  and  Suggestions.  By  H.  Joshua  Phillips 
F.I.C..  F.C.S.  Third  Edition,  Revised  and  Enlarged.  Crown  8vo,  400  pp., 
with  Plates  and  other  Illustrations,  cloth Net  1 0/6 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical 
melt.  .  .  .  The  analytical  methods  may  be  pronounced  most  satisfitctory,  being  as  accurate  as  the 
d«9>atch  required  ot  engineering  chemists  permits." — Chem/ical  News. 

"The  analytical  methods  given  are,  as  a  whole,  such  as  are  likely  to  give  rafiid  and  trust- 
worthy results  in  experienced  hands.  .  .  .  There  is  much  exceUent  descriptive  matter  in  the  worlt, 
the  chapter  on  '  Oils  and  Lubrication '  being  specially  noticeable  in  this  respect."— ^>vif«M»r. 

NITRO-EXPLOSIVES. 

A  Practical  Treatise  concerning  the  Properties,  Manufactture,  and  Analjrsis 
of  Nitrated  Substances,  including  the  Fulminates,  Smokeless  Powden.  and 
Celluloid.  By  P.  Gbkald  Sanford,  F.  I.C. ,  Consulting  Chemist  to  the  Cotton 
Powder  Company,  Limited,  &c.    With  Illustrations.    Crown  8vo,  cloth.     O/O 

"  One  of  the  very  few  text-books  in  which  can  be  found  Just  what  is  wanted.  Mr.  Sanford 
goes  steadily  through  the  whole  list  of  explosives  commonly  used,  he  names  any  given  explosive, 
and  tdls  us  of  wliat  Tt  is  composed  and  how  it  is  manufactured.    The  book  is  taaaf6iBOA,"—Bngiruer. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

A  Practical  Treatise  on  the  Manufacture  and  Use  of  DYaamite.  GtU'Cotton, 

Nitro-Glycerine  and  other  Explosive  Compounds,  including  Collodion-Cotton. 

With  Chapters  on  Explosives  m  Practical  Application.     By  M.  Eisslbs,  M.E. 

Second  Edition,  Enlarged.    Crown  8vo,  cloth  1 2/6 

"  A  veritable  mine  of  in'ormati  m  on  th?  subject  of  explosives  employed  for'milHary,  mining 
and  blasting  purposes."— ^rmy.  and  Navy  Gattette. 


CHEMICAL  MANUFACTURES,  CHEMISTRY,  &h>.      33 
A  MANUAL  OP  THB  ALKALI  TRADE. 

Including  the  Mannfacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.  By  John  Lomas,  Alkali  Manufacturer.  With  233  Illustrations 
and  Working  Drawings,  Second  Edition,  with  Additions.  Super-royal  8vo, 
cloth £1  10a. 

"  We  find  not  meiely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
tiade,  but  a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful 
conduct  of  alludi  works,  but  which  are  (reneraUy  overlooked  by  even  experienced  technological 
anthon."— CA«M»^^a/  RtvUw. 

DANQBR0U5  Q00D5. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport.  With  Notes 
and  Comments  on  Accidents  arising  therefrom.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  &c.  By  H.  Joshua 
Phillips,  F.I.C.,  F.C.S.  Crown  8vo,  374  pp.,  cloth  ....  9/0 
**  Merits  a  wide  diculatioii,  and  aa  IntelUgeat,  appreciative  study."— C**iwfcg/  Ntms, 

THB  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,  manv  Working 
Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. •Colonel  W.  A. 
Ross,  R.A.,  F.G.S.    Second  Editibn,  Enlarged.    Crown  8vo,  cloth     .    6/0 

*'  The  student  who  goes  consdentloushr  through  the  course  of  experimentation  bete  laid  down 
wtn  gain  a  Setter  insight  into  inorganic  chemistry  and  mineralogy  than  If  he  had  *  got  up '  anv  of  the 
best  test>boola  of  the  day,  and  passed  any  number  of  examinations  in  their  contents  '—CA«mtfca/ 
Ntrnt. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES. 

Their  Properties.  Applications,  Valuations,  Impurities  and  Sophistications. 

For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater. 

Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth         .    7/6 

**  There  is  no  other  work  which  covers  precisely  the  same  ground.    To  student*  preparing 

for  axaailnatioos  in  dyeing  and  printing  it  will  prove  exceedingly  useAiL"— CAmw^Icw/  News, 

A  HANDY  BOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  ^  Embracing  the 
Conclusions  of  Modem  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Hbrbbrt  Edwards  Wright,  M.A.    Second  Edition,  Enlarged.    Crown 

8vo,  530  pp.,  cloth 12/6 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
tests,  while  the  sdent^  brewer  will  find  in  it  a  rdsumd  of  all  the  most  Important  discoveries  of 
modem  times.  The  work  is  written  throughout  in  a  clear  and  concise  manner,  and  the  author 
takes  great  care  to  discriminate  between  vague  theories  and  well-established  facts  "—Brewtr^ 
ywtt$'Hal, 

**  We  have  great  pleasure  In  recommending  this  handy  book,  and  have  no  hesitation  In  saying 
that  it  is  one  of  the  best— if  not  the  best— which  has  yet  been  written  on  the  subject  of  beer-btewing 
in  this  countafy ;  it  should  have  a  place  on  the  shelves  of  every  brewer's  library."— 17*«w«r? 

FUELS:    SOLID,  LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.    For  the  Use  of  Chemists  and  Engineers.    By 

H.  J.  Phillips,  F.C.S..  formerly  Analytical  and  Consulting  Chemist  to  the 

G.E.  Rlwy.  Fourth  Edition.    Crown  8vo,  cloth 2/0 

"  Ought  to  have  Its  place  in  the  laboratory  of  every  metallurgical  establishment  and  wherever 
fud  Is  asedon  a  large  scaJe."— CAfiwAw/  Ntws. 

THE  ARTISTS'  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and 
Adulterations,  &c.,  with  Tests  of  Purity.  By  H.  C.  Standagb.  Third 
Edition.      Crown  8vo,  cloth 2/6 

"  This  work  is  indeed  m«tf//wm-sw->arcw,  and  we  can,  with  good  conscience,  recommend  it  to 
an  who  oooM  in  contact  with  pigments,  whether  as  makers,  dealers,  or  users."— CA^mdhit/  Rtvirw. 

A  POCKET-BOOK  OF  MENSURATION  AND  QAUQINQ. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants.  &c.  By  J.  B.  Mant,  Inland  Revenue.  Second  Edition, 
Revised.     iSmo,  leather 4/0 

**  Should  be  in  die  hands  of  every  practical  brewer."— ffyvsMrrx*  y^timat, 
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TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  remiired  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  oiTea  for  the  Market.  By 
A.  J.  Wallis<Taylbr,  A.  M.  Inst.  C.E.    Medium  8vo,  468  pp.      With  ai8 

Illustrations •       .    iV«^  26/0 

Summary  of  Contents. 
Mechanical  Cultivation  or  Tillage  of  the  Soil.— Plucking  or  Gathering 
THE  Leaf.— Tea  Factories.— The  Dressing,  Manufacture,  or  Preparation 
OF  Tea  by  Mechanical  Means.  —  Artificial  withering  of  the  Leap.— 
Machines  for  Rolling  or  Curling  the  Leaf.— Fermenting  Process.  — 
Machines  for  the  automatic  Drying  or  Firing  of  the  Leaf.- Machines  for 
Non-Automatic  Drying  or  Firing  of  the  Leaf.— Drying  or  Firing  machihbs. 
—Breaking  or  Cutting,  and  Sorting  Machines.- packing  the  Tea.— Means 
OF  Transport  on  Tea  plantations.— Miscellaneous  Machinery  and  Apparatus. 
—Final  Treatment  of  the  Tea.- Tables  and  Memoranda. 

"The  subject  of  tea  'machinery  is  now  one  of  the  first  interest  to  a  largfe  class  of  pe<^>le,  to 
whom  we  strongly  commend  the  volume."— CAamter  0/ Commerce  yottmal, 

"When  tea  planting  was  first  introduced  into  the  British  possessions  little,  if  any,  machiaerjr 
was  employed,  but  now  its  use  is  almost  universaL  This  volume  contains  a  very  full  account  of  the 
machinery  necessary  for  the  proper  outfit  of  a  factory,  and  also  a  description  of  the  processes  bMt 
carried  out  by  this  machinery."— y^wrrta/  Society  qfArts, 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.  By  Fribdrich  Kick,  Imperial 
Regierungsrath,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Polytechnic  Institute,  Prague.  Translated  from  the  Second  Enlarged  and 
Revised  Edition  with  Supplement.  By  H.  H.  P.  Powuss,  Assoc  Memb. 
Institution  of  Civil  Engineers.  Nearly  400  pp.  Illustrated  with  a8  Foldmg 
Plates,  and  167  Woodcuts.    Royal  8vo,  cloth    .....    |S1  Ss. 

"This  invaluable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  millinc. . . . 
The  miller  who  has  read  and  digested  this  work  win  have  laid  the  foundation,  so  to  speak,  of  a 
faccessfiil  career ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milling  in  Kood^ 
sound  Gncrlish.  which  has  little,  if  any.  trace  of  the  Gfnrman  idiom.  "-T^Atf^^/^r.         .-  "^ 

**  The  app>earance  of  this  celebrated  work  in  English  is  very  opportune,  and  Britishjmilleis 
wQl,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages."— il/tV/«rr'  Gazette. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing,  &c.  For  the  Use  of  Operatives,  Overlookers,  and  Manufacturers. 
By  John  Lister,  Technical  Instructor,  Pendleton.    8vo,  cloth     .        .    T/6 

"  This  invaluable  volume  is  a  distinct  advance  in  the  literature  of  cotton  manufiutum."— 
Machinery. 

"  It  is  thoroughly  reliable,  fulfilling  nearly  all  the  requbements  desiied."— (i^tojjviv  Htrmld, 

MODERN  CYCLES. 

A  Practical  Handbook  on  their  Construction  and  Repair.  By  A.  J.  Walus* 
Tayler,  a.  M.  Inst.  C.  £.,  Author  of  "  Refrigerating  Machinery, ''^ftc  With 
upwards  of  300  Illustrations.    Crown  8vo,  cloth    .....    10/6 

"  The  lanre  trade  that  is  done  in  the  component  parts  of  bicycles  has  placed  in  the  wnr  of 
men  mechanicaUy  inclined  extraordinary  facilities  tor  building  bicycles  for  their  own  use.  .  .  .  Tbe 
book  will  prove  a  valuaUe  guide  for  all  those  who  aspire  to  the  manufocture  or  repair  of  thek  owa 
machines. '—7Vi«  Field. 

"A  most  comprehensive  and  up-to-date  treatise."- 7'A«  Cycle. 

"  A  very  useful  book,  which  is  quite  entitled  to  rank  as  a  standard  work  for  students  of  cyde 
construction. '  —  Wheelings 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Taylbr,  Assoc.  Memb.  Inst.  C.E.,  Author  of  "Modem 

Cycles,"  &c.    sx3  pp.,  with  76  Illustrations.    Crown  8vo,  cloth     .        .    476 

"The  book  is  clearly  expressed  througbnut,  and  is  just  the  sort  of  work  that  an  engi^ieor. 

thinking  of  turning  his  attention  to  motor.carriage  work,  would  do  well  to  read  as  a  preliminary  to 

starting  operations."— i^n^WMn'n^ 
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PRACTICAL  TANNING. 

A  Handbook  of  Modern  Procesess,  Receipts,  and  Suggestions  for  the  Treatment 
of  Hides,  Skins,  and  Pelts  of  every  Description.  By  L.  A.  Flemming, 
American  Tanner.    472  pages.    8vo,  cloth.         i/usi  Puhlisked.    Net  2fi/0 

THE  ART  OF  LEATHER  MANUFACTURE. 

Being  a  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Carrying, 
and  Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced  ;  as  also  Methods  for  th« 
£stimation  of  Tannm,  and  a  Description  of  the  Arts  of  Glue  Boiling,  Gut 
Dmsing,  &c.    By  Albxandbr  Watt.     Fourth  Edition.    Crown  8vo  cloth. 

9/0 

"A  toond,  comprehensive  treatise  on  tannine  and  its  accessories.  The  boolc  is  an  eminently 
vahiaUe  production,  which  redounds  to  the  credit  of  both  author  and  publishers."-- CA«»»«a>/ 
Revitwt, 

THE  ART  OF  50AP-MAKINa« 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alexander  Watt.  Sixth  Edition, 
including  an  Appendix  on  Modern  Candlemaking.    Crown  8vo,  cloth  .     7/8 

''The  woric  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  who  wishes  to  understand  the  theory  of  his  art." — Chemical  Netus. 

**  A  thoroughly  practical  treatise.  We  congratulate  the  author  on  the  success  of  his  endeavour 
to  fill  a  void  in  Engfish  technical  literature."— A;a/Mr«. 

PRACTICAL  PAPER-MAK1N0« 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper*MilIs.  With 
Tables,  Calculations,  &c.  By  G.  Clappbrton,  Paper-Maker.  With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth       .        .     fi/0 

"  The  author  caters  for  the  requirements  of  responsible  miU  hands,  appientices,  Ac.,  whilst 
his  manual  wiU  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  Pfper* 
makecs  and  mill  owners.  The  illustrations  form  an  excellent  feature."— rA«  IVorld's  Pa^er  TratU 
RgvUw, 

THE  ART  OF  PAPER-MAKINQ* 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 

Straw,  and  other  Fibrous  Materials.     Including  the  Manufacture  of  Pulp  from 

Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.    To 

which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 

By  Alexander  Watt.    With  Illustrations.    Crown  Svo,  cloth  .        .     7/6 

"It  may  be  r^^arded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valuable 
Informatkm.  The  'Art  of  Paper-Making'  is  in  every  respect  a  model  of  a  text-book,  either  for  a 
technical  class,  or  for  the  private  student.  —/Vz/er  aftd  PrinHng  Tradts  yourtutl. 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  RiCHiiitD 
Parkinson,  late  of  the  Manchester  Technical  School.  Demy  Svo,  cloth    3/6 

CEMENTS,  PASTES,  QLUES,  AND  QUMS^ 

A  Practical  Guide  to  the  Manufacture  and  Application  of  the  various  Aggluti* 
nants  required  in  the  Building,  Metal- Working,  Wood- Working,  and  Leather- 
Working  Trades,  and  for  Workshop  and  Office  Use.  With  upwards  of  900 
Recipes.  By  H.  C.  Standagb.  Third  Edition.  Crown  Svo,  cloth  .  2/0 
"We  have  pleasure  in  speaking  favourably  of  this  volume.  So  far  as  we  have  had 
experience,  which  is  not  inconsiderable,  this  manual  is  ttustmoiihy"—Ath*tuntm, 

THE  CABINET-MAKER'S  GUIDE 

TO  THB  BNTIRB  CONSTRUCTION  OP  CABINBT  WORK. 

Including  Veneering,  Marquetrie,  Buhlwork,  Mosaic,  Inlaying,  &c.  By 
Richard  Bitmbad.  Illustrated  with  Plans,  Sections,  and  Working  Drawings. 
Small  crown  Svo,  cloth 2/6 

FRENCH  POLISHING  AND  ENAMELLING. 

A  Practical  Work  of  Instruction.  Including  Numerous  Recipes  for  making 
Polishes,  Varnishes,  Glaze- Lacquers,  Revivers,  &c.  By  Richard  Bitmbad, 
Author  of  "  The  Cabinet- Maker's  Guide. "    Small  crown  Svo,  cloth       .     1  /6 
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WATCH    REPAIRING,   CLEANING,   AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  Used,  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  £nglish 
and  Foreign  Watches,  Repeaters,  Chronographs,  and  Marine  Chronometers. 
By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  the  Admiralty.    With  over  200  Illustrations.    Crown  8vo,  cloth. 

i/ust  Published,    Net  Aie 

MODERN   HOROLOGY,   IN  THEORY   AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Saunibr.  ex-Director  of  the  Sdiool 
of  Horology  at  Macon,  by  Julibn  Tripplin,  F.R.A.S^  Besan9on  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  Vftth 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Seooad 
Edition.    Super-royal  8vo,  £2  2s.  cloth  ;  half-calf   .  .    £2  IDs. 

"  There  is  no  horologlcal  work  in  the  English  lanpiagfe  at  all  to  be  comnued  to  thiajpfodac- 
don  of  M.  Sauni0r's  for  clearness  and  completeness.  It  is  alike  good  as  a  guiae  for  the  stadsnt  and 
as  a  raference  for  the  experienced  horologist  and  skilled  workman."— H^roitigieai  youmah 

"The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brathran 
-4n  £Kt,  the  Book  of  Books  is  M.  Saunier's  *  Treatise.'  "—IVatchmttAer,  JewtUtr,  mndSUntrtwtUh, 

THE  WATCH  ADJUSTER'S  MANUAL. 

A  Practical  Guide  for  the  Watch  and  Chronometer  Adjtister  in  Making, 
Springing,  Timing  and  Adjusting  for  Isochronism,  Positions  and  Temperattires. 
By  C.  E.  Fritts.    370  pp.,  with  Illustrations,  8vo,  cloth    .        .        .1 6/0 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaldng  and 

the  Allied  Mechanical  Arts.      Translated  from   the    French   of  Claudius 

Saunier,  and  enlarged  by  Julikn  Tripplin,  F.R.A.S.,  and  Edward  Rigg, 

M.A.,  Assayer  in  the  Royal  Mint.    Third  Edition.     Cr.  8vo,  cloth.      .    9/0 

"  Each  part  is  truly  a  treatise  In  itself.  The  arrangement  is  good  and  the  language  is  dear 
and  concise.    It  is  an  admirable  guide  for  the  young  watchmaker."— i^M^fMvr^i^. 

HISTORY  OP  WATCHES  &  OTHER  TIMEKEEPERS. 

By  Jambs  F.  Kendal,  M.B.H.  Inst.    1/6  hoards;  or  cloth,  gilt        .    2/6 

"The  best  which  has  yet  appeared  on  this  subject  in  the  English  language."— Auiiairirr. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  Ingeaioas 
devices  of  the  ancient  or  modem  horologer."— 5a/w*ii&iy  Review. 

ELECTRO  PLATINQ&ELECTRO^REFININOOP METALS. 

Being  a  new  edition  of  Alexander  Watt's  "  Electro-Deposition."  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.I.E.E.,  Principal 
Assistant  to  the  Admiralty  Chemist.     Large  Crown  8vo,  cloth.    .    Nti  1 2/6 

**  Altogether  the  work  can  be  highly  reconrtmended  to  every  electro-plater,  and  is  of  un- 
doubted interest  to  every  electro-metallurgist."— jE'/^c^rt'ca/  Review. 

"Eminently  a  book  for  the  practical  worker  in  dectro-deposition.  It  contains  practical 
deicriptioas  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  woiuiop."— 
Bnginttr, 

ELECTRO-METALLURQY. 

Practically  Treated.    By  Alexander  Watt.    Tenth  Edition,  including  the 

most  recent  Processes.     z2mo,  cloth 8/6 

"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  noceHftd 
prosecution  of  electroplating."— /r^n. 

JEWELLER'S   ASSISTANT   IN   WORKING    IN   GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Ezporienoe 
of  Thirty  Years'  Workshop  Practice.    By  Gborgk  E.  Gee.    Crown  8vo.  7/6 
"  This  manual  of  technical  educatioa  Is  apparently  destined  to  be  a  valuable  attidlanr  to  a 
handicraft  which  Is  ceitakily  capable  of  great  hnprovement"— rAe  Times, 

ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c.,  &c.    By  J.  W.  Urquhart,  C.E.  Fourth 

EdiUon,  Revised.    Crown  8vo,  cloth 6/0 

"An  excellent  practkal  Taaxaxal."—Eng%HeeriHf. 
An  excellent  work,  giving  the  newest  'm{onaaX\oa.*'—Horotogical  youmal. 
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ELECTROTYPINQ. 

Tbe  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.    By  J.  W.  Ubquhart,  CE.   Crown  8vo, 

cloth 6/0 

"  The  book  is  thoroughly  practical ;  the  reader  is,  therefore,  conducted  through  the  toading 

laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 

processes,  up  to  the  final  preparation  of  the  -woiky—Art  youmal, 

aOLD5MlTH'5  HANDBOOK. 

By  Gborgb  £.  Gbe,  Jeweller,  &c.    Fifth  Edition,     xamo,  cloth    .        .    8/0 
"A  good,  sound  educator."— Noroitgical  youmal, 

SILVERSMITH'S  HANDBOOK. 

By  Gborgb  £.  Gbb,  Jeweller,  &c.    Third  Edition,  with  numerous  lUustra* 

tioDS*    zamo,  doth        »       ,       . 8/0 

"The  chief  merit  of  the  work  is  its  practical  character.  .  .  .  The  woricers  in  the  trade  wlU 
speedily  discover  its  merits  when  they  sit  down  to  study  it."— Bng^lish  Mechanic. 

*ti*  Th*  abov*  two  works  tog$thtr,  strongly  half 'bounds  pric*  7s, 

5HEET  METAL  WORKER'5  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn,  Practical  Tin-Plate  Worker. 
New  Edition,  Revised  and  greatly  Enlarged  hy  Joseph  G.  Hornbr, 
A.M.I.M.E.    Crown  8vo,  254  pp.,  with  430  Illustrations,  cloth      .        •    7/6 

SAVOURIES   AND   SWEETS 

Suitable  for  Luncheons  and  Dinners.  By  Miss  M.  L.  Allen  (Mrs.  A. 
Macaire),  Author  of  "  Breakfast  Dishes,"  &c.  Twenty-ninth  Edition.  F'cap 
8vo,  sewed I/O 

BREAKFAST   DISHES 

For  Every  Morning  of  Tbrte  Months.  By  Miss  Allen  (Mrs  A.  Macaire), 
Author  of  "  bavouries  and  Sweets,"  &c.  Twenty-second  Edition.  F'cap  8vo, 
sewed 1/0 

BREAD    &    BISCUIT    BAKER'S    &   SUQAR-BOILER'S 

A331.STANT. 

Including  a  large  variety  of  Modern  Recipes.  With  Remarks  on  the  Art  of 
Bread-mudng.  By  Robert  Wells.  Third  Edition.  Crown  8vo    •        >    IIO 

"  A  luge  number  of  wrinkles  for  the  ordinary  cook,  as  weU  as  the  haket."—SatMrday  RtvUw, 

PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

.For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use.    ByR.  Wells,  Author  of  "The  Bread  and  Biscuit  Baker"  .        .I/O 
**  We  cannot  speak  too  higfhly  of  this  really  excellent  woric    In  these  days  of  keen  competitloo 
our  raaders  cannot  do  better  than  purchase  this  hook."— BaJUrx'  Times, 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks ;  including  a  variety  of 
Modern  Recipes,  and  Remarks  on  Decorative  and  Coloured  Work.    With  zao 


Original  Designs.    By  Robert  Wells.    Crown  8vo,  cloth      .        .        .0/ 
"  A  Tsluable  worlt,  practical,  and  should  be  in  the  hands  of  eveiy  baker  and  confectioner. 
The  UhistratiTe  designs  are  worth  treble  the  amount  charged  for  the  irork,"—BaJkers'  Timu. 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.    With 

remarks  on  the  Ingredients  Used  in  tneir  Manufacture.    By  R.  Wells.    1  /O 

"  The  work  is  of  a  decidedly  practJ 
woddng."— A^l/(  British  Daily  Mail. 


The  work  is  of  a  decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economical 
-        ■   -        Ma  ' 


RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manufacture  of 
Indiarubber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
Special  Inks,  Cements,  and  Allied  Subjects.  By  T.  O'Conor  Sloans,  A.M., 
Ph.D.    With  numerous  Illustrations.    Square  8vo,  cloth.        .        .        ,    fi/O 
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HANDYB00K8  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Editor  of  "  Work  "  (New  Series),  Author  of  "  Lathe  Work,"  "  Milling  Machines,' 

Crown  8vo,  144  pp.,  price  is.  each. 

tsr  Tfus*  Handtbooks  havs  been  writUn  to  supply  information  for  Wokkmbn, 
Stodbnts,  and  Amateurs  in  th$  uvral  Handicrafts,  on  th*  actiuU  Pkactice  0/ 
th$  Workshop,  and  art  intended  to  convty  in  plain  languag*  Tbchnical  Know^- 
LBDGB  of  tht  ssvsral  Crafts.  In  dgscribing  th*  proctsses  tmployed^  and  tht  nuutipu^ 
lotion  of  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modem  tools^  appliances,  atui 
processes.  

METAL  TURNER'5  HANDYBOOK, 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.    With  xoo  lUnstratioa^ 

1/0 
"  The  book  will  be  of  serrice  alike  to  the  amateur  and  the  artisan  tnrneKi    It  displays 
thorough  knowledge  of  the  sahject."—ScotsmaH, 

WOOD  TURNER'S  HANDYBOOiC. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  xoo  Illtistrations. 

1/0 

"  We  recommend  the  book  to  young  turners  and  amateurs.    A  multitude  of  woffcaea  haw 
hitherto  sought  in  vain  for  a  manual  of  this  special  industry."— lft<AaM(l»/  fVorld, 

WAtCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

zoo  Illustrations I/O 

"  We  strongly  advise  all  young  persons  connected  with  the  wateh  trade  te  wctfoin  aad  study 
this  inexpensive  work."— Cltrkenweil  Chrcniclt. 

PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.    With 

upwards  of  xoo  Illustrations I/O 

"A  most  valuable,  if  not  indispensable  manual  for  the  pattern  maker."— JirM#w/«d^ 

MECHANICS  WORKSHOP  HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulaticm,  embracing  Information 
on  various  Handicraft   Processes.    With    Useful    Notes  and  MiscellaDeoos 

Memoranda.    Comprising  about  200  Subjects 1  /Q 

"A  very  clever  and  useful  book,  which  should  be  found  in  every  woikahop;  and  It  shouBJ 
certainly  find  a  place  in  all  technical  schools."— 5a/Mnib>y  Review. 

MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.    With 

upwards  of  xoo  Illustrations. I/O 

"Mr.  Hasluck  has  produced  a  very  good  little  ^ow^t."— Builder. 

CLOCK  JOBBER'5  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

xoo  Illustrations 1/0 

"  It  is  of  inestimable  service  to  those  commencing  the  trade."— C«v«»^  SUmdturd. 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the    Tools,   Materials,  Applianoes,   and    Processes 
employed  in  Cabinet  Work.    With  upwards  of  xoo  Illustrations       .        -1/0 
"  Mr.  Hasluck's  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabmet-worlc" — Saturday  Review. 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 
Employed  in  Woodworking.    With  104  Illustrations.        .        .        .        -1/0 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  It,  and 
how  to  convey  his  knowledge  to  others." — Ef%gineeriM£. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions."— i?M^}M»r. 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  sUD  and 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  mannals  are  marreb  of  what 
can  be  produced  at  a  popular  price."— ScAoo/mArtifr. 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience."— ZteAFyr  Clkrmtieie, 

*'  Condse,  dear,  and  iytacticaL"—Saiurday  Review. 
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COMMERCE,     COUNTING-HOUSE    WORK, 

TABLES,   ETC. 


LB550N5  IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 
Edited  and  Revised  by  Jambs  Gault,  Professor  of  Commerce  and  Commercial 
Law  in  King's  College,  London.    Fourth  Edition.    Crown  8vo,  cloth     .   3/6 

"  The  publishers  of  this  work  have  rendered  consldecable  senrlce  to  the  cause  of  commetclal 
education  by  the  opportune  production  of  this  voiume.  .  .  .  The  work  is  peculiarly  acceptable  to 
Engdlah  readen  and  an  admirable  addition  to  existing^  class  books.  In  a^hraae,  we  think  the  work 
attuu  Its  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  tntde  with  which 
the  commercial  man  faiterested  therein  should  be  fmtMju."— Chamber  »f  Commerce  youmal. 

"  An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and, 
in  fKt,  the  information  it  contains  on  matters  of  business  should  be  Impreised  on  every  one."— ^ 

THE  PORBIQN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  CorresfMndence  in  Five  Languages — English, 
French,  German,  Italian,  and  Spanish.  By  Conrad  E.  Bakbr.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth    .        .        .    4>/6 

"  Whoever  wishes  to  correspond  in  all  the  languages  noentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but— what  are  iax  more  useful— short  passages,  sentences,  or 
phrases  expressing  the  same  general  idea  in  various  forms."— ^M«««m»». 

"  A  careful  examination  has  convinced  us  that  it  Is  unusually  complete,  well  arranged  and 
relable.    The  book  is  a  thoroughly  good  one.  "-^SekMlmmttM', 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manafiacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details;  the  Income  Tax  Acts:  the  Rating  of 
Factories ;  Fire  and  Boiler  Insurance  ;  the  Factory  and  Workshop  Acts,  &c., 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emilb  Garckb  and  J.  M.  Fblls.  Fifth  Edition,  Revised  and  Enlarged. 
Demy  8vo,  cloth .        7/6 

"  A  very  interestii^  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 
of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  idilch  we  thorougrhly 
agree  ^iMel." —Accountants'  Journal. 

"  Characterised  by  extreme  thoroughness.  There  are  few  owners  of  fiactocies  who  would  not 
derive  great  benefit  from  the  perusal  of  this  most  admirable  woii^"-~LoealGo9tnutunt  CkmnitOe. 

MODERN  METROLOGY* 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  containing  a  proposed  English  System.  By  Lowis  D.  A. 
Jackson,  A.  M.  Inst.  C.  E.,  Autnor  of  "  Aid  to  Survey  Practice,"  &c.    Large 

crown  8vo,  cloth 1 2/8 

"We  recommend  the  work  to  all  Interested  In  the  practical  reform  of  our  weights  and 


A  SERIES  OP  METRIC  TABLES. 

In  which  the  Britisl^  Standard,  Measures  and  Weights  are  compared  with  those 

of  the  Metric  System  at  present  in  Use  on  the  Continent.   By  C.  H.  Dowung, 

C.E.    8vo,  cloth 1 0/6 

"  Mr.  DowUng's  Tables  are  weU  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
system  into  the  o'tix<tK."—Atk€naum, 

IRON  AND  METAL  TRADES'  COMPANION^ 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  is.  per  cwt.  to  zxas.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.    By  Thomas  Downib.    Strongly  bound  in  leather, 

396  PP 9/0 

'*  A  most  useful  set  of  tables,  nothing  like  them  before  vdak6±.''—BuiUiHfr  Nnot. 

"  Although  speciallv  adapted  to  the  iron  and  metal  tradM,  the  tables  will  be  found  useful  in 

other  business  in  which  merchandise  li  bought  and  sold  by  weight."— i?a</way  Nrtut. 
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NUMBER.  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Craitaining  apwarda  of  350,000  Separate  Calculations,  showing  at  a  Glance  the 
Value  at  422  Diflferent  Rates,  rangmg  from  ri^th  of  a  Penny  to  aos.  each,  or  per 
cwt.,  and  ;£ao  per  ton,  of  any  number  of  articles  consecutively,  from  z  to  470. 
Any  number  of  cwts.,  ors.,  and  lbs.,  from  z  cwt.  to  470  cvrts.  ^y  number  of 
tons,^  cwts.,  qrs.,  and  lbs.,  from  x  to  z,ooo  tons.  By  William  Chadwick, 
Public  Accountant.    Third  Edition,  Revised  and  Improved.    8vo,  strongly 

bound 18/0 

**  It  Is  as  easy  of  referance  for  any  answer  or  any  number  of  answers  as  a  dictionary.     For 
malring  up  accounts  or  estimates  the  book  must  prove  mvaluable  to  all  who  have  any  consioesable 
quanttty  of  calculations  involving  price  and  measure  in  any  comlnnation  to  ^tXK"—Engin€tr. 
*^Tbm  most  peifect  work  of  the  kind  yet  prepared."— ^Aw^w  HtraUL, 

THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  z  lb.  to  Z5  tons,  at  300 
Progressive  Rates,  from  xd.  to  z685.  per  cwt.,  and  containing  z86,ooo  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  performed  at  sight),  will  aJflford  an  aggregate  <»  zo,a66,ooo 
Answers ;  the  wnole  being  calcmated  and  designed  to  ensure  correctness  and 
promote  despatch.  By  Henry  Harben,  Accountant.  Sixth  EUlition,  carefrilly 
Corrected.    Rojral  8vo,  strongly  half-bound.  \J%st  Pudlishtd,    £1  fla. 

"  A  practical  and  useful  work  of  reference  for  men  of  budness  generally."— /rwMMiMtfvr. 
f  priceless  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  raioes.' 


'  or  priceless  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  <wioes."-> 

THE  DISCOUNT  QUIDB. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufacturers, 
Ironmongers,  and  Others,  by  which  maybe  ascertained  the  Exact  Profit  arising 
from  any  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  anv  required  -Profit  after 
allowing  one  or  more  Discounts :  to  which  are  added  Tables  of  Profit  or 
Advance  from  i^  to  90  per  cent.,  Tables  of  Discount  from  1^  to  98}  per  cent., 
and  Tables  of  Commission,  &c.,  from  §  to  xo  per  cent.  By  Henry  Harben, 
Accountant.    New  Edition,  Corrected.    Demy  8vo,  half-bound      .    £1  6s. 

"  A  book  such  as  this  -can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time 
means  saving  of  money.  The  work  must  prove  of  great  value  to  merchants,  manu£Kturen,  and 
general  tiaden."— frMf A  Trade  ^^ournal, 

TABLE5  OP  WAQE5« 

A.t  54,  52,  50  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One  quarter  of  an  hour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4s.  to  555.  per  week.  By  Thos.  Garbutt, 
Accountant.    Square  crown  8vo,  half-bound 6/0 

IRON-PLATE  WEIGHT  TABLES. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants.  Containing  the 
Calculated  Weights  of  upwards  of  150,000  diflferent  sizes  of  Iron. Plates  from 
X  foot  by  6  in.  by  \  in.  to  10  feet  by  5  feet  by  z  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  z  inch  in  thickness.  By  H.  BuRUNSOM 
and  W.  H.  Simpson.    410,  half-bound       • £1  6b* 
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AGRICULTURE,     FARMING, 
GARDENING,  ETC- 

THE    COMPLETE    QRAZIER    AND     PARMER'S    AND 

CATTLB  BRBBDBR'S  ASSISTANT. 

A  Compendium  of  Husbandry.  Originally  Written  bv  William  Youatt. 
Fourteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  and  brought 
u]^  to  Present  Requirements,  by  William  Fream,  LL.D.,  Assistant  Com* 
missioner.  Royal  Commission  on  Agriculture,  Author  of  "  The  Elements  of 
Agriculture,"  &c.    Royal  8vo,  z,zoo  pp.,  450  Illustrations,  handsomely  bound. 

£1  lis.  60. 

Book  I.  On  thb  Varibtibs.  Brbbding. 

Rbaring,    Fattbning  and   Manacb* 

mbnt  of  Cattlb. 
Book  II.   On  thb  Economy  and  Mam- 

agbmbnt  of  thb  dairy. 
Book  iil   On  thb  Brbbding,  Rbaring, 

AND  MANAGBMBNT  OF  HORSBS. 

Book  IV.  on  thb  Brbbding,  Rbaring, 

AND  Fattbning  of  Shbbp. 
Book  V.  on  thb  Brbbding,  Rbaring, 

AND  Fattbning  of  swinb. 
Book  vi.  on  thb  disbasbs  of  Livb 

stock. 


Book  vii.   on  thb  brbbding,  rbaring, 

and  managbmbnt  of  poultry. 
Book  VIII.     on    Farm   Officbs    and 

IMPLBMBNTS  OF  HUSBANDRY. 
BOOK  IX.     ON  THB  CULTURB   AND    MAN- 
AGBMBNT OF  Grass  Lands. 
Book  x.    on   thb   cultivation   and 

Application  of  grassbs.  Pulsb  and 

Roots. 
Book   XI.     On   Manurbs  and  thbir 

Application    to    Grass    Ljlnd  and 

Crops. 
Book  XII.    Monthly   Calendars  op 

Farmwork. 

"  Dr.  Fream  Is  to  be  contn'^tuUted  on  the  successful  attempt  he  has  made  to  glre  us  a  work 
which  will  at  once  become  the  standard  classic  of  the  form  practice  of  the  country.  We  beUere 
that  It  will  be  found  that  it  has  no  compeer  among^  the  many  worlcs  at  present  in  existence.  .  .  . 
The  Illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull. 
New  Year's  Gift,  bred  by  the  Queen,  is  a  work  of  art. "— 7  A<  Tiffus. 

**  The  book  must  be  recognised  as  occupying:  the  proud  position  of  the  most  exhaustive  work 
of  lefBience  in  the  English  lut^uagB  on  the  subject  with  which  it  deals."— jlthetutum. 

**  The  most  comprehensive  guide  to  modem  farm  practice  that  exists  hi  the  English  langMsge 
to-day.  .  .  .  The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner."— Afarik  Lane  Exprtss. 

"  In  point  of  exhaustiveness  and  accuracy  the  wotk  will  certainly  hold  a  pre-eminent  and 
nnlqne  poation  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agiicul- 
turd  Bbrary  of  ltselt''--Aiwt*  BriHsh  Agriculturist, 

FARM  LIVE  STOCK  OP  GREAT  BRITAIN. 

By  Robert  Wallace,  F.L.S.,  F.R.S.E..  &c.,  Professor  of  Agriculture  and 
Rural  Economy  in  the  University  of  Edinburgh.  Third  Eldition,  thoroughly 
Revised  and  considerably  Enlarged.  With  over  zao  Phototypes  of  Prize 
Stock.    Demy  8vo,  384  pp.,  with  79  Plates  and  Maps,  cloth.        .        .    1 2/6 

"A  really  complete  work  on  the  history,  breeds,  and  management  of  the  farm  stock  of  .Great 
Britain,  and  one  which  Is  likely  to  find  its  way  to  the  shaves  of  every  country  gentleman's  Hbnury." 
"TJu  Tim4s. 

"  The  *  Farm  Live  Stock  of  Great  Britain '  Is  a  production  to  be  proud  of,  and  Its  Issue  not  the 
least  of  the  services  which  Its  author  has  rendered  to  agrkultural  science."— ScoMrA  Farmtr, 

NOTE-BOOK  OP  AGRICULTURAL  PACT5  &  PIGURES 

FOR  PARMBRS  AND  FARM  STUDBNTS. 

By  Primrose  McConnbll,  B.Sc,  Fellow  of  the  Highland  and  Agricultural 
Society,  Author  of  "  Elements  of  Farming."  Sixth  Edition,  Re- written,  Revised, 
and  greatly  Enlarged.     Fcap.  8vo,  480  pp.,  leather,  gilt  edges  •    6/0 

CONTBNTS.— SURVBYING  AND  LBVBLLING.— WEIGHTS  AND  MBASURBS.— MACHINERY 

and  buildings.  —  labour.  —  operations.  —  draining.  —  embanking.  —  geological 
Memoranda.  —  soils.  »  Manurbs.  —  Cropping.  —  Crops.— Rotations.  —  Weeds.  — 
Febding.— DAIRYING.— Live  stock.— Horses.— Cattle. — Shbbp.— Pigs.— Poultry,— 
FORBSTRY.— Horticulture.- MiscBLLANBous. 

**  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  without  this  tHUltum^4H-P»rv9 
awnnal  of  aU  subjects  connected  with  the  farm."— A'tfr/A  British  jinricuiiurist. 

"This  little  pocket-book  contains  a  large  amount  of  useful  information  upon  all  kinds  of 
agricultural  subjects.    Something  of  the  kind  has  long  been  wanted."— A/ar^  Lane  Expttss. 

"The  amount  of  Informatton  It  contains  Is  most  surprising ;  the  arrangement  of  the  matter  is 
so  methodical— although  w)coropreiMd— as  to  belntelllirlnle  to  everyone  who  takes  a  glance  through 
Its  pages.    They  teem  with  information."— /"arm  and  Home. 

THE  ELEMENTS  OF  AGRICULTURAL  GEOLOGY. 

A  Scientific  Aid  to  Practical  Farming.    B^  Primrose  McConnell.    Author  of 

"Note-Bookof  Agricultural  Facts  and  Figures,"  &c.    Royal  8vo,  cloth. 

Uti  21/0 
"  On  every  page  the  work  bears  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
with,  and  we  have  nothing  but  unstinted  praise  to  offer."— Fieid. 
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BRITISH  DAIRYINQ. 

A  Handjr  Volume  on  the  Work  of  the  Dairy^Farm.  For  the  Use  of  TechnicaJ 
Instruction  Classes,  Students  in  Agricultural  Colleges  and  the  Working  Dairy- 
Farmer.  By  Prof.  J.  P.  Shbldom.  With  Illustrations.  Second  Edition, 
Revised.    Crown  8vo,  cloth 2/6 

"  Confidently  recommended  as  a  useful  teKt-book  on  ddry  tKnaiog."^jigrteuiturml  Gasettit. 
"Probably  tne  best  half-croim  manual  on  dairy  work  that  has  yet  been  produced."— ^frJ* 
RHMsM  AfTieuttttrisU 

*'  It  U  the  soundest  little  work  we  have  yet  seen  on  the  sut^ect."— Dte  Times, 


MILK,  CHEESB,  AND  BUTTBR. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  John  Olivbk,  late  Principal  of  the  Western  Dauy  Institute, 
Berkeley.    With  Coloured  Plates  and  aoo  Illustrations.    Crown  8vo,  doth. 

7/e 

"  An  ezhaustlTe  and  masterly  production.  It  may  be  cordlaOy  recommended  to  aH  students 
and  practitioners  of  dairy  science.''— W«rM  British  AgricuUiurist 

"We  recommend  this  very  comprehensive  ana  carefidly- written  book  to  dalry^hnnefs  and 
students  of  dairying.  It  is  a  distinct  acquisition  to  the  library  of  the  agriculturist.''— ><.fT«CMM»r«i/ 
Ga*tm. 

SYSTEMATIC  SMALL  FARMING. 

Or,  The  Lessons  of  My  Farm.  Being  an  Introduction  to  Modem  Fanm 
Practice  for  Small  Farmers.  By  R.  Scott  Burn,  Author  of  "  Outlines  of 
Modem  Farming,"  &c.    Crown  8vo,  cloth 6/0 

**  This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  fiumer 
win  read  with  pleasure,  and  accept  as  a  fpxvAn,"—FitUL, 

OUTLINES  OF  MODERN  FARMING. 

By  R.  Scott  Burn.  Soib,  Manures,  and  Crops — Farming^and  Farming 
Economy — Cattle^  Sheep,  and  Horses — Management  of  Dauy^  PigSt  and 
Poultry — Utilisation  of  Town>Sewage,  Irrigation,  &c.  Sixth  Edition.  In  One 
Vol.,  1,350  pp.,  half-bound,  profusely  Illustrated 1 2/0 

FARM  ENQINEERINQ,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking ;  Irrigation  and  Water  Supply ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings ;  Barn  Implements  and  Machines; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Profess<»' 
John  Scott.    In  One  Vol.,  1,150  pp.,  half-bound,  with  over  600  Illustrations. 

12/0 

"  Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students."— Af«r>l  Lane  Bxfrtss, 

THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text- Book  of  Agriculture.  Adapted  to  the  Syllabus  of  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).  Second  £xlition.  Revised,  with  Additions. 
i8mo,  cloth 2/6 

"  It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and  useful  fiintl  of  Icnowledge." — Educational  Times. 

TABLES  and  MEMORANDA  for  FARMERS,  QRAZIERS, 

AGRICULTURAL  5TUDBNT5,  3URVBY0R5.  LAND  AQBNT5, 
AUCTIONBBR^,  &c. 

With  a  New  System  of  Farm  Book-keeping.    By  Sidney  Francis.    Fifth 

Edition.    272  pp.,  waistcoat-pocket  size,  limp  leather      .        .        .        •    1/6 

"  Wetohing  less  than  i  oc,  and  occupying  no  more  space  than  a  match-box.  It  contains  a  maa 
of  fiicts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  Eveqr 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thorou^ily  accurate,  the  whole  of 
the  tables  having  been  revised  by  Dr.  Fream.  We  cordially  recommend  iW—BeiTs  ft^eetfy 
Messenger. 

THE      ROTHAMSTED     EXPERIMENTS     AND    THEIR 

PRACTICAL  URSSOas  FOR  PARMBRS. 

Part  I.  Stock.    Part  II.  Crops.    By  C.  J.  R.  TirrsR.    Crown  8vo,  doth. 

3/6 

"We  have  no  doubt  that  the  book  wiU  be  wdcomed  by  a  large  class  of  tuoMn  and  others 
totevMted  in  agriculture."— .SMfwAir*/. 
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PERT1LI5ER5   AND    FBEDINQ    5TUFF5. 

Their  Properties  and  Uses.  A  Handbook  for  the  Practical  Farmer.  By 
Bernard  DvRR,  D.Sc.  (Lond.).  ^  With  the  Text  of  the  Fertilisers  and  Feeding 
StnffK  Act  of  1893,  The  Regulations  and  Forms  of  the  Board  of  Af^ricuItuK, 
and  Notes  on  the  Act  by  A.  J.  David,  B. A.,  LL.M.  Fourth  Edition,  Revised. 
Crown  8vo,  cloth.  [Just  Published.     1/0 

"This  little  book  is  precisely  what  it  professes  to  be— *A  Handbook  for  the  Practical 
Fanner'  Dr.  Dver  has  done  farmers  sfood  service  in  placing  at  their  disposal  so  mach  usefiil 
Information  in  so  intelHgible  a  form."— 77^  Times, 

BEE5  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  Bvo,  wrapper    .        .        .        .        .        •1/0 

BOOK-KEEPINQ  for  FARMERS  and  ESTATE  OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
Classes  of  Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant. 
Fourth  Edition.    Crown  Bvo,  doth.  [J^t  Publishsd.    2/6 

"  The  volume  is  a  capital  study  of  a  most  important  sabject."—A£rricuitural  GimttU. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and 
.  Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.,  &c. 

With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  ot  the 

Year.    By  Johnson  M.  Woodman,  Chartered  Accountant.    Second  Edition. 

Folio,  half-boond Net  7/6 

"  Contains  every  requisite  for  keeping  farm  accounts  readily  and  accurately."— ^^virM/rMrc 

THE  FORCING  GARDEN. 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plans  and 
Estimates  for  Building  Glasshouses,  Pits  and  Frames.     With  Illustrations. 

By  Samubl  Wood.    Crown  8vo,  cloth 3/0 

"  A  good  book,  containing  a  great  deal  of  valuable  teaching."— <ran^;m«rx'  MaguMitu, 

A  PLAIN  GUIDE  TO  GOOD  GARDENING. 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
Edition,  with  considerable  Additions,  and  numerous  Illustrations.  Crown 
8vo,  cloth 3/Q 

**  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  practical 
directions  are  excellent."— v(<M«»Mn«w. 

MULTUM-IN-PARVO  GARDENING. 

Or,  How  to  Make  One  Acre  of  Land  produce  £t2o  a  year,  by  the  Cultivatioo 
of  Fruits  and  Vegetables ;  also,  How  to  Grow  Flowers  in  Three  Glass  Houses, 
so  as  to  realise  £11^  per  annum  clear  Profit.  By  Samubl  Wood,  Author  of 
"  Good  Gardening,   &c.    Sixth  Edition,  Crown  8 vo,  sewed     .        .        >    1/0 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Gtude.    By  S.  Wood.    Crown  8vo,  cloth       .    3/Q 

POTATOES:  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.    Crbwn  8vo 2/0 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated."    Crown  Bvo,  doth. 

il  3/6 
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AUCTIONEERING,    VALUING,    LAND 
SURVEYING,  ESTATE  AGENCY,  ETC. 


INWOOD'5  TABLES  FOR  PURCHASING  ESTATES 

AND  FOR  TUB  VALUATION  OP  PROPBRTIBS, 

Including  Advowsons,  Assurance  Policies,  Copyholds,  Deferred  Annuities, 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds, 
&c.,  &c.  a^th  Edition,  Revised  and  Extended. by  William  Schooling, 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Logarithmic 
Interest  and  Annuity  Tables.     360  pp..  Demy  8vo,  cloth. 

l/ust  PttiiifJUd.    Net  BIO 
"  Those  Interested  fat  the  purchase  and  sale  of  estates,  and  fai  the  adjustment  of  compeoaatlaii 
cases,  as  well  as  in  transactions  In  annuities,  Ule  inautances,  &c.,  will  find  the  pieaent  edtekm  of 
eminent  service."— J?>wvff««Wf%f. 

"This  valuable  Dook  has  been  considerably  enlarged  and  improved  by  the  labours  of 
Mr.  Schoolings,  and  is  now  very  complete  indeed."— fcvwMwtx/. 

"  Altogether  this  edition  will  prove  of  extreme  value  to  many  classes  of  profession^  men  in 
saving  them  many  long  and  tedious  calculations."— /mwji^x'  Review. 

THE   APPRAISER.   AUCTIONEER,    BROKER,    HOUSE 

AND  B3TATB  AQBNT  AND  VALUBR'5  POCKBT  A55I3TANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally ;  with  Prices  for  Inventories,  &c.  By 
John  Wheklbr,  Valuer,  &c.  Sixth  £ditioii«  Re-written  and  greatly  Extended 
by  C.  NoRRis.    Royal  samo,  cloth 5/0 

"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearty-arranged  list  of 
prices  for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  Stc  "—StatittartL 

"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  puMkasa, 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  witti  prices  fbv 
Inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  effects."— ^M^Mcr. 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.    Second  Edition,  Revised.    Demy  8vo,  cloth    .    12/6 

"The  work  is  one  of  general  excellent  character,  and  gives  much  Informatioa  In  ■  com- 
pendious and  satisfactory  form."— ifwtiUrr. 

"  May  be  recommended  as  giving  a  great  deal  of  Information  on  the  law  -relating  to 
auctioneers,  in  a  very  readable  form.  '—Law  youmai, 

THE  AGRICULTURAL  VALUER'S  ASSISTANT, 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates;  including 
Example  of  a  Detailed  Report  on  Management  and  Realisation;  Forms  of 
Valuations  of  Tenant  Right ;  Lists  of  Local  Agricultural  Customs  ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 
Compensation  under  the  Lsmds  Clauses  Actsy>&c  By  Tom  Bright,  Agricul> 
tural  Valuer.  Author  of  "The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  Revised,  with  Appendix  containing  a  Digest  of 
the  Agricultural  Holdings  Acts,  1883  and  1900.    Crown  8vo,  cloth  .  JViet  Q/Q 

"  Fun  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-rig^,  estates,  labour, 
contents  and  weights  of  timber,  and  farm  produce  of  all  kinds." — As^riculhtral  Gasetti. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  Interest  and 
value  to  surveyors  ana  auctioneers  in  preparing  valuations  of  all  kinds."— ^armrr. 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuation  for 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright.  Grown 
8vo,  cloth r       .        .    3/6 

'!X?  !?^**f^  fbrasteis  and  agents  it  win  be  a  wekome  al±"— JV^r«fc  BrMgMAgrimUyrist. 
**  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  ondoubtad  Interest 
and  use  both  to  surveyors  and  aoctloneeis  in  preparing  valnatlons  of  all  Unds."— A'cnT  Me^mU, 


AUCTIONEERING.  VALUING,  LAND  SURVEYING.  ^,    47 
AGRICULTURAL  SURVEYOR  AND  ESTATE  AGENT'S 

HANDBOOK. 

Of  Practical  Rules,  Formulae,  Tables,  and  Data.  A  Comprehensive  Manual 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates.  B^ 
Tom  Bright,  Agricultural  Surveyor  and  Valuer,  Author  of  "The  Agn* 
cultural  Valuer's  Assistant,"  &c.    With  Illustrations.      Fcap.  8vo,  Leather. 

Net  lie 

"  An  exceedingfly  useful  book,  the  contents  of  which  are  admirably  chosen.  The  clilsses  for 
whom  the  work  is  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
for  reference."— Z,«iw  Stock  yournal. 

"  It  is  a  singularly  compact  and  well  informed  compendium  of  the  facts  and  figures  likely  to 
be  required  in  estate  work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
wAdsvssivi.*'— Scotsman. 

THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  Plan^  for  Calculating^  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to    Statute    Measure.   &c.    By   R.    Hudson,    C.E.      New   Edition. 

Royal  3amo,  leather,  elastic  oand 4/0 

"  Of  Incakulable  value  to  the  cotmtry  gentleman  and  professional  vaaxu''^J''arttura^  yourntU. 

THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulae,  Tables,  and  Memoranda  required  in  any  Computation 
relatmg  to  the  Permanent  Improvement  of  Landed  Property.  By  John  Ewart, 
Surveyor.    Second  Edition,  Revised.    Royal  samo,  oolong,  leather       .    4/0 
**  A  compendious  and  handy  little  rfAaxait."— Spectator, 

THE    LAND   VALUER'S    COMPLETE    POCKET-BOOK. 

Being  the  above  Two  Works  botmd  together.     Leather  ....    7/8 

HANDBOOK  OP  HOUSE  PROPERTY. 

A  Popular  and  Practical  Guide  to^  the  Purchase,  Tenancy,  and  Com- 
pulsory Sale  of  Houses  and  Land,  including  Dilapidations  and  Fixtures : 
with  Examples  of  all  kinds  of  Valuations,  Information  on  Building  and  on  the 
right  use  of  Decorative  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor. 
Sixth  Eklition.    lamo,  cloth fi/O 

"  The  advice  is  thoroughly  practical "—Zow  yournal. 

"  For  all  who  have  dealings  vrith  house  property,  this  is  an  indispensable  f[vMiib."—DecoraHon. 

"  Carefully  brought  up  to  date,  and  much  unproved  by  the  addition  of  a  division  on  Fine  Art. 
A  well- written  and  thoughtful  work."— Z,aM<^  Agents'  JUcorv, 


LAV\^  AND  MISCELLANEOUS. 


MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 

B.  Mackib,  Fellow  of  the  Institute  of  Journalists.    Crown  8vo,  cloth    .    2/0 

"  This  invaluable  guide  to  Joumalism  is  a  work  which  all  aspirants  to  a  Journalistic  career  will 
read  with  advantage."— yomrwa/ir^ 

HANDBOOK  FOR  SOLICITORS  AND  ENGINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramways,  Gas  and  Water  Works,  &c. 
By  L.  L.  Macassby,  of  the  Middle  Temple,  Barrister-at-Law,  M.I.C.E. 
8vo,  cloth «1   6«. 

PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardingham,  Assoc.  Mem.  Inst.  C.E.,  &c.    Demy  8vo,  cloth       .        .1/6 

CONCILIATION  &  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Positioa  oC  the 
Question  at  Home  and  Abroad.  By  J.  S.  Jkans.  Crown  8vo,  aoo  pp., 
cloth  .......  i       .       .       .  2/6 


